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(54) CEPHALOSipORIN DERIVATIVES 



(71) We, GLAXO LABORATORIES 
LIMITED, a British Company, of Greenford, 
Middlesex, do hereby declare the invention, 
for which we pray that a patent may be 
5 granted to us, and the method by which it is 
to be performed, to be particularly described 
in and by the following statement: — 

This invention is concerned with improve- 
ments in or relating to cephalosporin com- 

10 pounds, and is more particularly concerned 
with a novel class of cephalosporin compounds 
possessing valuable antibiotic properties. 

The cephalosporin compounds in this speci- 
fication are named with reference to "cepham" 

15 after /. Amer, Ckenu Soc, 1962, 84, 3400, 
the term "cepham" referring to the tesic 
cepham structure with (me double bond. 

Cephalosporin antibiotics are widely used 
in the treatment of diseases caused by patho- 

20 genie bacteria in human beings and animals, 
for example in the treatment of diseases caused 
by bacteria which are resistant to other anti- 
biotics such as penicillin compounds, and 
in the treatment of penicillin-sensitive patients. 

25 In many instances It is desirable to employ 
a cephalosporin antibiotic which exhibits 
activity against bodi gram positive and gram 
negative miaoorganisms, and a significant 
amount of research has been directed to the 

30 development of various types of broad spec- 
trum cephalosporin antibiotics. 

Considerable interest is cunentiy beiiig 
durected to the development of broad spectrum 
caphalosporin antibiotics which possess high 

35 activity against gram negative oiganisms; 
Existing commercially arable ^-lactam 
antibiotics tend to exhibit comparatively low 



activity against certain gram native organ- 
isms such as Proteus organisms, which are an 
increasingly common source of infection in 40 
humans, and are also generally substantially 
inactive against Pseudomoms organisms. 
Several Pseudomonas organisms are resistant 
to the majority of existing commercially avail- 
able antibiotic compounds, and the practical 45 
therapeutic applications of aminoglycoside 
antibiotics such as ^tamicin which do exhibit 
Pseudomonas activity tend to be limited or 
complicated by the high toxicity of these 
antibiotics. It is well known that cephalosporin 50 
antibiotics normally exhibit low toxicity in 
man, so that the development of broad spec- 
trum cephalosporin antibiotics possessing high 
activity against gram negative organisms such 
as strains of Proteus and Pseudorrtonas fulfils 55 
a significant need in chemotherapy. 

The present invention provides 7fi - acyl- 
amidoceph - 3 - em - 4 - carboxylic add 
antibiotics and non-toxic derivatives thereof 
which are characterised in that the said acyl- 60 
amido moiety has the formula 

R.CXO.IIH- pa 



[wherein R is a tfaienji or furyl group; R* 
and R^ which may be die same or different^ 
are each selected from hydrogen, Ci-.^ alkyl 65 
(e.g. methyl, ethyl, n-propyl, isopropyl or 
butyl), C^ alkcnyl (e.g. vinyl or allyl), Cj_t 
cycloalkyl (e.g. cyclopropyl, cydobutyl, cyclo- 
pentyl or cyclohexyl), phenyl, naphthyl, 
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. thienyl, furyl, caiboxy, alkoxycarbonyl 
(e.g. ethoxycarbonyl) and cyano, or and 
together with the carbon atom to which 
they are attached form a cycloalkylidene 
5 or cycloalkenylidene group (&g. a cydo- 
bntyiidene, cyclopentylidene or cyclohexyl- 
idene group) ; and m and n are each 0 or 1 
. such that the sum of m and w is 0 or 1}, 
the compounds being syn isomers or existing 

10 as mixtures of syn and anti isomers containing 
at least 90% of the syn isomer. 

These compounds exhibit broad spectrum 
antibiotic acti\dty characterised by particularly 
high activity against gram negative micro- 

15 organisms, inchiding tiiose which produce J5- 
lactamases, and also possess very high stability 
to ^-lactamases produced by a range of gram 
n^ative organisms. A characteristic feature 
of the compounds is their high in vitro 

20 activity against gram-negadve organisms such 
as Enterohacter docae, Senaiia marcescens 
and Klebsiella aerogenes. The compounds have 
particularly high activity against strains of 
Escherichia coli, Haemophilus influenzae and 

25 Proteus organisms, e.g. strains of Proteus 
morgami and Prcteus ntirabilis. Compounds 
wherein at least one of R* and R^ is other 
than hydrogen have also shown unusually 
high activity against Pseudomonas organisms, 

30 for example strains of Pseudomonas aeruginos 
for example strains of Pseudonmas aem-^ 
ginosa. 

The compounds of the invention are defined 
as having the syn isomeric form as regards 
35 the configuration of the group. 

R» 

0.(CH2)„.C.(CH2)„.COOH 
. l!* 

with respect to the carboxamido group. In 
this specification the syn configuration is de- 
noted structurally as 

this configuration being assigned on the basis 
of the work of Ahmed and Spenser in Can. J, 
Chem.j 1961, 39, 1340. As indicated above, 
tiie compounds may exist as mixtures of syn 

45 and <mii isomers provided that such mixtures 
contain at least 90% of 1h& syn isomer. We 
prefer, however, the compounds to be 
isomers essentially free £rom die correspond- 
ing anti isomer. 

50 The antibiotic compounds of the invention 
dxerefore comprise compounds of the general 
formula: 




(wherein R, R*, R*', m and n have the above- 
defined meanings and Z is a group in which 55 
2 carbon atoms link the nuclear sulphur atom 
and the 4-position carbon atom sudi that the 
compound possesses olefinic imsaturation) 
and non-toxic derivatives thereof. 

By '*non-toxic derivatives" is meant diose 60 
derivatives which are physiologically accept- 
able in the dosage at which they are ad- 
ministered. Such derivatives may include, for 
example, salts, biologically acceptable esters, 
I-Qxides and solvates (especially hydrates). 65 
It will be appreciated that derivatives sudi 
as salts and esters may be formed by reaction - 
of either or both of the carboxyl groups 
present in die compounds of formula I. 

Non-toxic salt derivatives whidi may be 70 
fornied from the compounds of general for- 
mula I include inorganic base s^ such as 
alkali metal salts (e.g. sodium and potassium 
salts) and alkaline eardi metal ssdts (e.g. 
calcium salts); organic base salts (e.g. pro- 75 
caine, phenyletiiylbenzylamine, dibenzyletiiyl- 
enediamine, ethanolamine, die&anolan^e, tri- 
ethanolamihe and N-methylglucosamine salts) ; 
and, where appropriate, add addition salts, 
e.g. with hydrochloric, hydrobromic, sulphuric, 80 
nitric, phosphoric, trifluoroacetic, toluene -p - 
sulphonic and methane sulphonic adds. The 
salts may also be in ±e form of resinates 
formed with, for example, a polystyrene resin 
or cross-linked polystyrene divinylbenzene 85 
copolymer resin containing amino or quatern- 
ary amino groups, orj where appropriate, sul- 
phonic add groups, or, again where appro- 
priate, with a resm containing carboxyl groups, 
e.g. a polyacrylic add resin. Use of highly 90 
soluble base salts (e.g. alkali metal salts such 
as the sodium salt) of compounds of formula 
I is generally advantageous in therapeutic 
applications because of the rapid distribution 
of such salts in the body upon administration. 95 
Where, however, insoluble salts of compounds 
(I) are desired in a particular application, 
e.g. for use in depot preparations, such salts 
may be formed in conventional manner,, for 
sample with appropriate organic amines. ICQ 

Biologically acceptable, metabolically labile 
ester derivatives which may be formed from 
compounds of formula I include, for example, 
acyloxymethyl esters, e.g. lower alkanoyloxy- 
methyl esters such as acetoxymediyl or piva- 105 
loyloxymethyl esters. 

Where the group R in the above formulae 
is a furyl group it may be fur - 2 - yl or 
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fur - 3 - yl and where it is a thienyl group 
it may be thien - 2 - yl or thien - 3 -yl. 

It will be appreciated that when R* and R' 
in the above formulae are different, the carbon 
5 atom to which they are attac±ed may com- 
prise a centre of asynimetry; compounds in 
accordance with the invention wherein R* 
and R" are different may ditis be diasteneoiso- 
meric The invention embraces the individual 

10 diastereoisomers of such compounds as well 
as mixtures thereof. 

The cephalosporin antibiotics according to 
the present invention may be unsubstituted 
at the 3 -position or may carry at this position 

15 any of the wide range of substituents disdosed 
in the literature pertaining to cephalosporin 
compounds, the <iaracterising feature of the 
invention being the nature of tihe 7iS-acylamido 
group. The invention thus includes within 

20 its scope compounds of the general formula: 



R.C.CO.KH- 



H H 
! US 

\ COOH 
0 .(CH2V).C.lCH2l^ 

(III 

[where R, R% RS m and n are as hereinbefore 
defined and P represents a hydrogen atom; 
a halogen atom such as fluorine, chlorine or' 
25 bromine; or an organic group, for example a 
saturated or unsaturated, substituted or un- 
substituted, organic group containing 1 — ^20 
carbon atoms] and non-toxic derivatives 
thereof. 

30 Where P is an unsaturated organic group 
it may, for example, be a group of the formula 



/ 



\ 



wherein R* and R*, which may be the same 
or different, are each sdeaed from hydrogen, 

35 carboxy, cyano, Cj-t alkoxycarbonyl (e.g. 
methoxycarbonyi or ethoxycarbonyl), and su^ 
stituted or unsubstituted aliphatic (e.g. alkyl, 
preferably Q^C, alkyl such as methyl, ethyl, 
iso-propyl or n-propyl), Cr— C, cycloahphatic 

40 (e.g. cycloalkyl such as cyclopehtyl or 
cyclohexyl), Q — Cio araliphatic (e,g. phenyl 
Ci_^ alkyl such as benzyl or phenylediyl) 
and C— Ci2 aromatic (e.g. mono- or bicydic 
carbocyclic aryl such as phenyl, nitrophenyl, 

45 tolyl or naphthyl) groups. Specific substituted 
vinyl groups of the above formula indude 
2-carboxyvinyI, 2-methoxycarbonylvinyl, 2- 
ethoxycarbonylvinyl and 2-cyanovinyl. 
P may also be a substituted methyl group, 

50 which may be depicted by the formula 



— CHaY 

where Y is an atom or group, e.g. the residue 
of a nudeophile or a derivative of a residue 
of a nudeophile. Y may thus, for example, 
be derived from the wide range of nuckopMc 55 
sirf>stances characterised by possessing a 
oudeophilic nitrogen, carbon, sulphur or oxy- 
gen atom desCTibed widdy in eariier patents 
and literature pertaining to cephalosporin 
chemistry. Examples of sudi nudeophiles 60 
indude:— 

NITROGEN NUCLEOPHILES 

Examples of nitrogen nudeophiles mdude 
tertiary aliphatic, aromatic, araliphatic and 
cyclic amines, for example tri(Ci-^ alkyl) 65 
ammes such as trietfaylamine, and heterocyclic 
tertiary amines. The heterocyclic tertiary 
amines may if desired contain one or more 
further heteroatoms in addition to the basic 
nitrogen atom, and may be sid)stituted or 70 
unsubstituted. The heterocyclic tertiary amine 
may thus, for example, be pyridine, pyri- 
midine, pyridazine, pyrazine, pyrazole, imid- 
azole, ttiazole or thiazole; a fused bi- or poly- 
cydic analogue of any of these heterocycles, 75 
for example purine or benzotriazole: and any 
of the above amines substituted by one or 
more aliphatic (e.g. lower all^l sudi as methyl, 
ethyl, n-propyl or isopropyl), aryl (e.g. C»_ia 
mono- or bicydic carbocyclic aryl such as 80 
phenyl or naphthyl), araliphatic (e.g. ptoiyl 
lower alkyl such as benzyl or phenylethyl), 
lower alkoxymethyl (e.g. methoxymethyl, 
ethoxymethyl, n-propoxymethyl or isopropo^gr. 
methyl) acyloxymethyl (e.g, lower alkanoyi- 85 
oxymetiiyl such as acetoxymethyl), formyl, 
acyloxy (e.g. lower alkanoyloxy such as ace- 
toxy), carboxy, esterified carboxy (e,g. lower 
alkoxycaibonyl such as methoxycarbonyi), car- 
boxy lower a&yl (e.g. carboxymethyl), sulpho, 90 
lower alkoxy (e.g. methoxy, ethoxy, n-prop- 
oxy or iso-propoxy), aryloxy (e.g. phenoxy), 
aralkoxy (e.g. benzyloxy), alkylthio, (e.g. 
methyltiiio or ethylthio), arylthio, aralkylthio, 
cyano, hydroxy, carbamoyl, N-monoIower- 95 
alkylcarbamoyl (e,g. N-methylcarbamoyl 
or N-ethylcarbamoyl), N,N-diloweralkyl- 
carbamoyl (e.g. NJNT-dimethylcarbamoyl or 
N,N-diethylcarl»moyl), N - (hydroxylower- 
alkyl)carbamoyl (e.g. N - (hydroxymetiiyl)- 100 
carbamoyl or N - (hydroxyethyl) - carba- 
moyl), or carbamoylloweralkyl (e.g. carba- 
moylmethyl or carbamoylethyl) groups. Ex- 
amples of Y groups which may be obtained 
from heterocyclic tertiary amine nudeophiles 105 
of the above type include pyridinium, 3- and 
4-carbamoylpyridinium, 3-carboxymethylpyri- 
dinium, 3-sulphopyridinium, thiazol - 3 - yl, 
pyrazol - 1 - yl, pyridazininium, and benzo- 
triazol - 1 - yl. 110 

Another class of nitrogen nudeophiles com- 
prises azides, e.g. alkali metal azides such 
as sodium azide. 
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When the group Y is a derivative of a 
residue of a nitrogen nudeophile it may be, 
for esaniple> an amino group or an acylamido 
group. Compounds in which Y is amino may 
5 be derived £rom the corresponding compound 
in which Y is a2ido by reductioni e.g. by 
catal3^c hydrogenation of the azide using a 
precious metal catalyst such as palladmm or 
platinum. Compounds in which Y is an acyl- 

10 amido group may be derived by acyMon of 
a compound wherein Y is amino, e.g. by any 
method suitable for adylating an aminoceph- 
alosporin, for example reaction of the amino 
compound with an acid chloride, acid an- 

15 hydride or mixed anhydride of an acid 
oorrespondrng to the desired acyl group and 
another acid 

Compounds wherein Y is amino may also 
be reacted with a substituted isocyanate or 

20 isothiocyanate to yield urea or thiourea deriv- 
atives. 

Other compounds in which Y is a deriv- 
ative of a residue of a nitrogen nudeophile 
may be obtained by reacting a compound in 
25 which Y is azido wi& a (Spolarophile. Ex- 
amples of suitable dipolarophiles indude 
acetylemc, ethylenic and cyano dipolarophiles. 

Acetylenic dipolarophiles may be shown as 
having the structure 



30 



R».CfeC.R* 



wherein and R*, which may be the same 
or different, are atoms or groups. 

In general we prefer that R« and preferably 
also R* should be of an dectronegative nature, 
35 Examples of such groups indude cyano, 
COiR^ COR» (where R» is, for example, 
hydrogen, lower alkyi, aryl or lower aralkyl), 
and trihalomethyl e.g. trifiuoromediyL 
• However, R* and preferably also R* could 
40 be electropositive e.g. alkoxy or alkylamino, 
R* and R** may together form a ring system 
with the acetylenic group such as, for example, 
in an aryne. 
Where R* and R* are discrete atoms or 
45 groups whidi are identical a single compound 
will result on reaction with tiie azido ceph- 
alosporin; if th^ are different one will in 
general obtain a mixture of position isomers. 
Ethylenic dipolarophiles may be shown as 
50 having the structure 

R* R« 

\- 

where R*, R', R** and R* . which may be the 
same or different are atoms or groups. Al- 
though R', R', R® and R' may all be hydro- 
55 gen, ethylene per se, like acetylene, reacts 
sluggishly with azido groups. R* and R* may 
together form a cydic structure, e.g. a carbo- 



cydic structure, with the ethenoid group such 
that the double bond is strained. Examples 
of ethylenic dipolarophiles containing stramed 60 
double bonds indude nofbomenes, transcydo- 
alkenes and acenaphthalene. 

Further ethylenic dipolarophiles \^ch may 
be used indude compounds of the formula 
R* . R'C=CR* . R' where at least one of R*, 65 
R', R' and R® is an dectronegative group. 
R* and R* may thus be identical dectronega- 
tive groups, R' and R' being other groups as 
desired. R' and R' may thus together form 
a ring system. Examples of such dipolarophiles 70 
indude benzoquinone and nuclear substituted 
benzoqumones and maleimide. Agam all of 
R*, R^, R* and R* may be identical dectro- 
negative groups. Electronegative groups which 
may be used indude those listwi under the ^5 
section on acetylenic dipolarphiles and ex- 
amples of such compounds thus indude di- 
cyanoethylene and lower mono- and di-alkcoy- 
carbonyl ethylenes. 

One or more of R*, R', R* and R" may if 80 
desired be electropositive. 

Cyano compounds, espedally those which 
are activated by dectronegative groups, may 
function as cyano dipolarophiles. Examples of 
such dqjolarophiles indude lower alkoxycar- 85 
bcmyl cyanides and qranogen. 

CARBON NUCLEOPHILES 

Examples of carbon nudeophiles indude 
inorganic cyanides, pyrroles and substituted 
pyrroles, e.g. indoles, and compounds giving 90 
stabilised cirbanions, for example acetylenes 
and compounds having j?-diketone groups, for 
example aceroacetic and malonic esters and 
cyclohexane - 1^ - diones or enamines, 
ynamines or enols. 95 

The carbon nudeophile may tiius give rise 
to cephalosporin compounds dharacteiised by 
possessing a substituent at the 3-position in 
which a carbonyl group is linked to the ceph- 
dosporin nucleus through two carbon atoms. 100 
Such compounds may thus possess as the 
3-stibstituent a group of the formula 



R*» 

C.OO.R" 
I 

R" 



wherein R^" and R^*, which may be the same 
or different, are selected from hydrogen; 105 
cyano; lower alkyl e.g. methyl or ethyl; 
phenyl; phenyl substituted by, for example, 
halo, lower alkyl, lower alkoxy, nitro, amino 
or lower alkylamino; caiboxy; lower alkoxy- 
carbonyl; mono- or di-aryl lower alkoxycar- HO 
bonyl; lower aikjdcarbonyl; aryl lower alkyl 
or Cc or C, cycloalkyl and R^^ is selected 
from hydrogen; lower alkyl e.g. methyl or 
ethyl; phenyl; phenyl substituted by, for 
example, halo, lower aJkyl, lower alkoxy, nitro, 115 
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amino or lower alkylamino; aiyl lower alkyl 
or Cs or Ct cycloalkyl. 

SULPHUR NUCLEOPHILES 

Examples of sulphur nucleophiles include 
5 thioureasj including aliphatic, aromatic, arali- 
phatic, alicydic and heterocyclic substituted 
thioureas; dithiocarbamates; aromatic, ali- 
phatic and cyclic thioamides, for example 
thioacetamide and thiosemicarbazide; rfiio- 
10 sulphates; thiols; thiophenols;^ Aioadds, e.g. 
thiobenzoic add . or tiiiopicolinic acid; and 
dithioacids. 

One dass of sulphur nudeophile indudes 
those compounds of the fonnula: 



R«OH 



15 



R".S(0)nH 



in which R^^ is an aliphatic e,g. lower allcyl 
such as methyl, ethyl or n-propyl group; an 
alicyclic e.g. lower cydoalkyl such as cydo- 
hexyl or cydopentyl group; an aromatic e.g. 

20 Ct^iz mono- or bicyclic carbocyclic aryl sudi 
as phenyl or naphthyl groi^; an araliphatic 
e.g. phenyl lower (e.g. Ci^) alkjd such as 
benzyl group; or a heterocyclic group, and n 
is 0, 1 or 2. A preferred class of nucleophiles 

25 falling within the above fonnula is that having 
the general fonnula SH in which R** is 
aliphatic, e.g. lower alkyl such as methyl, ethyl 
or n-propyl or lower alkanoyl such as acetyl; 
araliphatic, e.g. phenyl lower alkyl such as 

30 benzyl or phenetlqrl or substituted phenyl 
lower alkyl; alicyclic, eg. cycloalkyl such as 
cydopentyl or cyclohcxyl; aromatic, .e.g. 
phenyl, substituted phenyl or a heterocyclic 
group containing at least cme 5- or 6-mem- 

35 bered ring and having one or more hetero- 
atoms selected from 0, N and S. Such hetero- 
cyclic groups R" may be substituted, and 
examples of suitaWe heterocyclic groups in- 
dudes thiadiazolyl, e.g. 5 - methyl - 1,3,4 - 

40 thiadiazol - 2 - yl; diazolyl; triazolyl, c.g. 
triazol - 4 - yl; tetrazolyl, e.g. 1 - methyl- 
tetrazol - 5 - yl, 1 - ethyltetrazol - 5 - yl 
or 1 - phenyltetrazol - 5 - yl; thiazolyl; 
thiatriazolyl; oxazolyl; oxadiazolyl, e.g. 2 - 

45 phenyl - 1,3,4 - oxadiazol - 5 - yl; pyridyl, 
e.g. N - methylpyrid - 2 - yl; pyrimidyl; 
fused heterocyclic ring systems such as benz- 
imidazolyl; benzoxazolyl, benzothiazolyl 
such as benzothiazol - 2 - yl, tri- 

50 azolopyridyl or purinyl; and substituted ver- 
sions of such fused ring systems, e.g. nitro- 
benzothiazol - 2 - yi such as 5- or 6 - nitro- 
benzothiazol - 2 - yl. 

OXYGEN NUCLEOPHILES 
55 Examples of oxygen nudeophiles include 

water; alcohols, for example alkanols such 

as methanol, ethanol, propanol and butanol; 

and lower alkanoic and alkenoic adds. 
The term "oxygen nudeophile" thus 
60 indudes compounds of the following formula: 



m which the group R" may be lower alkyl 
(e.g. methyl, ethjd, n-propyl, isopropyl, n- 
butyi or isobutyl); lower alkenyl (e.g. allyl); 
lower alkynyl (e.g. pmpynyl); lower cydo- 65 
alkyl (e.g. cyclopropyl, cydopentyl or cydo- 
hcxyl); lower cydoalkyl lower alkyl (c.g. 
cydopropyhnethyl, cydopent^methyl or cyclo- 
hexylethyl); aryl (e.g. phenyl or naphthyl); 
aryl lower alkyl (e,g, benzyl); heterocyclic 70 
(e.g» a heterocyclic group as defined for R^*, 
such as N - metiiylpyrid - 2 - yl) ; heterocyclic 
lower alkyl (e.g. furfuiyl); or any of tiiese 
groups substituted by, for example, one or 
more of lower alkoxy (e.g. methoxy or ethoxy), 75 
lower alkylthio (e.g. methylthio or ethylthio), 
halogen (chlorine, bromme, iodine or fluorine), 
lower alkyl (e.g, methyl or ethyl), nitro, hy- 
droxy, acyloxy, carboxy, carbalkoxy, lower 
aScylcarbonyl, lower alkylsulphonyl, lower 80 
alkoxysulphonyl, amino, lower alkylamino or 
acylamino groups. 

In the case in which water is the nudeophile 
there will^ be obtained 3-hydroxymethyl 
cephalosporin compounds. Such 3 -hydroxy- 85 
methyl compounds and non-toxic derivatives 
thereof may show antibacterial activity and 
it is of note that they may be metaboL'tss 
of compounds of general formula II where P 
is acetoxymethyl. 3-Hydroxymethyl cephalo- 90 
sporins may be acylated to form derivatives 
characterized by possessing the group 3— CHa. 
O.COA" or 3— CH,.0,CX).AR^' where A Is 
O, S or NH, R** is an organic group and 
R^' is hydrogen or an organic group. . 95 

The group R^*CX)— or R*'A.CO— may 
be chosen fiom among the wide dass of such 
groups described in the litsrature and may 
have up to 20 carbon atoms. R** and, where 
appropriate, R^' may thus eadi be a hydro- 100 
carbon group or such a group carrying one 
or more substituent atoms or groups, and 
may thus be chosen from the following Ust, 
which is not intended to be exhaustive: — 

(i) CBHaa4.i where n is an mteger from 1 105 
to 7, e.g. 1 to 4. The group may be straight 

or branched and, if desired, may be inter- 
rupted by an oxygen or sulphur atom or an 
imino group or substituted by cyano, caiboxy, 
lower alkoxycarbonyl, hydroxy, carboxycar- no 
bonyl (HOOQCO), halogen (e.g. chlorine, 
bromine or iodine) or amino. iSamples of 
such groups indude methyl, ethyl, propyl, 
isopropyl, n-butyl, t-butyl, sec.butyl and 2- 
chloroethyl. 115 

(ii) CoHa>_i where n is an integer from 2 
to 7. The group may be straight or branched 
and, if desired, may be interrupted by an 
oxygen or sulphur atom or an imino group. 
Examples of such groups include vinyl and 120 
propenyl. 

(iii) R^*, where R^* is carbocyclic aryl (e,g. 
mono- or biqndic carbocydic aryl). 
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heterocyclic aryl (e.g, comprising a 5- or 6- 
xuemb^ed ring containing at least one of 0, 
N and S)^ lower cycloafiyl, substituted aryl 
and substituted cycloalkyl. Examples of this 
group indude phenyl; substituted phenyl e.g, 
hydroxyj^enylj chlorophenyl, fluorophenjd, 
tolyl, nitrophm^, aminophenyl, raetfaoxy- 
phenyl "or mefiylthiophenylV thien - 2 - and 
- 3 - yU pyrid34; cyclohexyl; cydopentyl; 
.cydopropyl; sydronyli naphthyl; and substi- 
tuted naphthyl e.g. 2-ethoxynaphthyL 
(iv) R" (CHzV where R^* has the mean- 
ing defined above under (ili) and m is an 
inl3eger from 1 to 4. Examples of this group 
indude methyl, ethyl or butyl substituted by 
the various specific R" groups listed under 
(ill), e.g. lower cydoal^l C1-4 alkyl and 
carbocycHc or heterocydic aryl alkyl such 
as benzyl and the approj^ate substituted 
benzyl groups. 

3-Positian substituents of the above type 
thus indude lower alkanoyloxymethyl groups 
such as acetoxymethyl and isobutyryloxy- 
methyl, lower alkenoyloxymethyl groups such 
as crotonyioxymethyl; aroyloxymethyl groups 
sudi as benzoyloxsanetfayl; carbamoyloxy- 
methyl, N - (lower alkyl) caihamoyloxymethyl 
such as N - methylcarbamoyloxymethyl, and 
N - (haloa]kyl)carbamo3doxymethyl sudi as 
N - (2 - chloroeAyl)carbamoyloxymethyL 

A further important dass of cq)halosporin 
compounds are those possessutg the group 
B-XaiaHal wherein Hal is dilorine, bromine 
or iodine. Such compounds may be primarily 
af value as intermemates of use in the pre- 
paration of active cephalosporia compounds 
by replacement of ^e halogen atom by a 
nudeophile e.g. a nitrogen-, oaygen- or sul- 
phiir-containing nudeophile as hereinbefore 
described. 

The term 'lower" as used m this specifica- 
tion and the accompanying claims to qualify 
aliphatic groups denotes, unless otherwise 
stated, that the said group may contain up 
to 6 carbon atoms, •'Lower'' as used to qualify 
qrdoaliphatic groups indicated that the group 
may contain 3 — 1 (e.g. 5 — ^7) carbon atoms. 

A particularly interesting dass of cephalo- 
sporin antibiotics in accordance with ^e in- 
vendon comprises oompotmds of general for- 
nmla 



■1 



CO.RH- 



K H 

Km 



CM 



(iin 



[wherein R is as hereinbefore defined, R*' 
represents methyl, ethyl, propyl, allyl or 
55 phenyl and R* represents hydrogen, carboxy 
or, more preferably, a group as defined for 
R*'; or R" and R** together with the carbon 



atcmi to which ^ey are attached form a cydo- 
butylidene, cyclopentylidene or cydohexyl- 
idoie group; and W is selected from:— - 

i) hydrogen, 

ii) acetoxymethyl, 

iii) benzo]^oxymethyi, 
17) carbamojioxymethyl, 

i\ N-methylcarbamoyloxymethyl, 
vi) a group of formula 

— CH=CHR' 



60 



0- 



65 



(where R" represents cyano, carboxy or a 
Q-Q alkoxycarbonyl group such as methoxy- 
carbonyl or e±oxycaibonyl), 70 
vii) Ae group — CH2G where G is the 
residue of a nitrogen nudeophile seleaed from 
compounds of die formula 



(wherein R' is hydrogen, carbamoyl, caiboxy- 75 
methyl or sulpho) and pyridazine, 

viii) azidome&y], and 

ix) the group — ^zSR'' wherein V 
is sdected from pyridyl, diazolyl, triazolyl, 
tetrazolyl, thiazolyl, thiadiazolyl, oxadiazolyl, 80 
and sdistituted (e.g. lower al^- or phenyl- 
stibsrituted) versions of these groups sudi as 

N - metfaylpyrid - 2 - yl, 1 - mediyltetrazol - 
5 - yl, 1 - phenyltetrazol - 5 - yl; 5 - meth]^- 
1,3,4 - tiuadiazol - 2 - yl and 5 - phenyl - 85 
1,3,4 - oxadiazol - 2 - yl] and non-toac 
dcdvathres thereof. 

These compounds exhibit broad spectrum 
antibiotic acdvity (mcluding very high activity 
against strains of Hae?nopMus infhteneae and 90 
Proteus organisms) and high /^-lactamase 
stability and are furdier charaaerised by par- 
ticularly high in vitro activity against Pseudo^ 
monas organisms such as strains of Pseudo-^ 
moms aeruginoscu 95 

Espedally preferred compounds of the above 
type, by virtue of dieir particularly high 
levels of activity against Proteus and Pseudo^ 
monas organisms, indude the following: — 
(6R,7R) - 7 - [2 - (2 - carboxyprop - 2 - 100 
yloxyimino) - 2 - (fur - 2 - yl) acet- 
amido] - 3 - pyridiniumme±ylceph - 3 - 
em - 4 - carboxylic acid (syn isomer), 
(6R,7R) - 7 - [2 - (2 - carboxyprop - 2 - 
yloxyimino) - 2 - (fur - 2 - yl) acet- 105 
amido] - 3 - (5 - methyl - 1,3,4 - thia- 
diazol - 2 - ylthiomethyi)ceph - 3 - em - 
4 - carboxylic add (syn isomer), 
(6R,7R) - 7 - [2 - (2 - carboxyprop - 2 - 
yloxyimino) - 2 - (fur - 2 - yl)acetamido] - 110 
3 - (irans - 2 - methoxycarbonylvinyl)- 
ceph - 3 > em - 4 - carboxylic add (syn 
isomer), 

(6R,7R) - 7 - [2 - (2 - carboxyprop - 2 - 
yloxyhnmo) - 2 - (fur - 2 - yl) acet- 115 
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amido] - 3 - pyridazmiummethyloeph - 3 - 
em - 4 - caxbozylic add (syn isomer), 

(6R,7R) - 7 - [2 - (2 - caiboxyprop - 2 - 
yloxyimino) - 2 - (fur - 2 - yl) acet- 
5 amido]ceph - 3 - em - 4 - caiboxjdic add 
(syn isomer), 

(6R,7R) - 3 - acetoxymethyl - 7 - [2 - (1 - 
carbcoycydopeDt - 1 - yloxyimino) - 2 - 
(fur - 2 - yi)acetamido]ceph - 3 - cm - 4 - 
10 carboxylic add (syn isomer), 

(6R,7R) - 7 - [2 - (1 - carboxycydopcQt - 
1 - 5doxyimlno) - 2 - (fur - 2 - yl) acet- 
amido] - 3 - pyridiniummethylceph - 3 - 
em - 4 - caiboxyiic add (syn isomer), 
15 (6R,7R) - 7 - [2 - (1 - caiboxycydopent - 
1 - yloxyimino) - 2 - (fur - 2 - yl) acet- 
amido] - 3 - (trans - 2 - carboxyvinyl)- 
ceph - 3 - em - 4 - carboxylic add (syn 
isomer), 

20 (6R,7R) - 7 - [2 - (1 - carix)xycydopent - 
1 - yloxyimino) - 2 - (fur -2 - yl)acet- 
amido] - 3 - (1 - methyltetrazol - 5 - 
ylthiometliyl)ceph - 3 - em - 4 - carboxylic 
add (syn isomer). 

25 (6R,7R) - 7 - [2 - (1 - carboxycydopent - 

1 - yloxyimino) - 2 - (fur - 2 - yl)acet- 
amidojceph - 3 - em - 4 - carboxylic 
add (syn isomer), 

(5R,7R) - 3 - acetoxymethyl - 7 - [2 - (1 - 
30 carboxybut - 3 - enyloxyimino) - 2 - (fur - 

2 - yl)acetamidD]ceph - 3 - em - 4 - car- 
boiylic add (syn isomer), 

(6R,7R) - 3 - acetoxymediyl - 7 ; [2 - (1 - 
cs^rboxycyclobut - 1 - yloxyimino) - 2 - 
35 (fuir - 2 - yI)acetamido]ceph - 3 - em - 
4 - carboxylic add (syn isomer), 

(6R,7R) . 7 - [2 - (1 - carboxycydobut - 1 - 
yloxyimino) - 2 - (fur - 2 - yl)acetamido] - 

3 - pyridiniummemylceph - 3 - em - 4 - 
40 carboxylic add (syn isomer), 

(6R,7R) - 7 - [2 - (1 - carboxycydobut - 

1 . yloxyimino) - 2 - (fur - 2 - yl)aat- 
amido] - 3 - (1 - methyltetrazol - 5 - 
ylthiomeifayl)ceDh - 3 - em - 4 - carboxylic 

45 acid (syn isomer), 

(6R,7R) . 3 • acetoxymethyl - 7 - [2 - (1 - 
cacboxypropoxyimino) - 2 - (fur - 2 - yl)- 
acetamido]ceph - 3 - em - 4 - carbo^^c 
add (syn isomer), 

50 (6R,7R) - 3 - acetoxymethyl - 7 - [2 - 
(3 - carboxypent - 3 - yloxyimino) - 2 - 
(fur - 2 - yl)acctamido]cq>h - 3 - em - 

4 - caiboxyHc add (syn isomer), 
((SR,7R) - 3 - acetoxymediyl - 7 [2 - (2 - 

55 carboxyprop - 2 - yloxyimino) - 2 - (thien - 

2 - yl)acetamido]ceph - 3 - em - 4 - car- 
boxylic add (syn isomer), and non-toxic 
derivatives thereof, e.g. alkali metal salts 
such as the sodium or potassium salts. 

60 A further interesting class of cephalosporin 
antibiotics in accordance with the invention 
comprises compounds of general fonnula 



0.(CH2)p.CaiH 



av) 



[wherein R and W arc as hereinbefore defined 
and p is 1 or 2] and non-toxic derivatives 65 
tfiereof. 

These compfounds exhibit broad spectrum 
antibiotic activity coupled witii high j9-lactam- 
ase st^ility. A characteristic feature of the 
coff^unds is their hi^ activity against strains 70 
of Haemopidlus influenzae coupled wilb their 
particularly high activity against strains of 
Escherichia colt and Proteus organisms. 

Espedally preferred compounds of the above 
type, by virtue of their particularly high 75 
levek of activity against Escherichia coli and 
Proteus organisms, indude the following: — 
(6R,7R) - 3 - acetoxymethyl - 7 - [2 - car- 
boxymeAoxyimino - 2 - (fur - 2 - yl)- 
acetamido]ceph - 3 - em - 4 - carboxylic 80 
add (syn isomer), 
(6R,7R) - 3 - azidomethyl - 7 - [2 - car- 
boxymethoxyimino - 2 - (fur - 2 - yl)- 
acetamido]ceph - 3 - em - 4 - caiboxyUc 
add (syn isomer), 85 
(6R,7R) - 7 - [2 - carboxymethoxyimino - 

2 - (te - 2 - yl)acetamido] - 3 - (1 - 
methyltetrazol - 5 - ylthiomethyl)ceph - 

3 - em - 4 - carboxylic acid (syn isomer), 
(6R,7R) - 7 - [2 - carboxymethoxyimino - 90 

2 - (fur - 2 - yl)acetamido]ceph - 3 - 
em - 4 - carboxylic add (syn isomer), and 
non-toxic derivatives thereof, eg. alkali 
metal salts such as the sodium or potassium 
salts. 95 
The compounds according to die mvention 
may be prepared by any convenient method, 
for example by tedmiques analogous to those 
described in Belgian Patent No. 783449. 

Thus according to one embodiment of the 100 
invention we provide a process for the pre- 
paration of an antibiotic compound of gen- 
eral formula I as herdnbefore defined or a 
non-toxic derivative thereof which comprises 
dtfaer (A) condensing a compound of the 105 
formula 



COOR" 



lY) 

[wherein B is >S or >S-^0 («- or j8-); 
R^" represents hydrogen or a carboxyl block- 
ing group, e.g. the residue of an ester-forming 110 
aliphatic or araliphatic alcohol or an ester- 
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. forming phenol, silanM or stannanol (the 
said alcohol^ phenol, silanol or stannanol 
preferably containing 1—20 carbon atoms) 
or a symmettical or mixed anhydride group 
5 derived from an appropriate add; and 71 is 
a group in vdiich 2 carbon atoms link the 
nuclear sulphur atom and the 4-position carbon 
atom so diat the compound possesses A' or 
A* unsaturation] or a salt, e.g. an acid addition 
10 salt such as a hydrochloride, hydrobromide, 
sulphatenitrate, phosphate^ methane sulphon- 
ate or tosylate, or an N-silylated derivative 
thereof mth an acylating agent correspond- 
ing to an add of formula 

15 ^ 

^ (YI) 

(wherein. R, R*, R^ m and « are as herein- 
before defined and R*' is a carboxyl blocking 
group, e.g. a group as hereinbefore defined m 
connection with R^'); or (B), where Z in 
20 formula I is the group 

^CH2Y 

(where Y is as hereinbefore defined) reacting 
a compound of the formula 




25 (wherein B, R, R*, R^ m and « are as herein- 
before defined; each R** may independendy 
represent hydrogen or a carboxyl blodcing 
group; Y' is an atom or group whiA is re- 
placeable by the residue of a nudeoiMei 

30 e,g. an acetoxy or dichloroacetoxy group or 
a halogen atom such as chlorine, bromine or 
iodine; and the dotted line bridging the 2-, 
3- and 4-positions indicates that the compound 
is a ceph - 2 - em or ceph - 3 . em com- 

35 pound) with a nudeophile; whereafter, if 
necessary and/or desired in each instance, 
any of the following reactions (C) in any 
appropriate sequence, are carried out: — 

i) conversion of a A' isomer into die desued 
^ ^ Ar* is(Hxier, 

ii) zeducdon of a compoimd \i^ierein B is 
>S->0 to form a compound wherein B 
is >S, 

iii) reduction of a 3-azidomethyl compound 
45 to form a 3-aminomethyl compound, 

iv) acylation of a 3-aniinomethyl compound 
to form a 3-acylaminomethyl compound, 



v) reaction of a 3-azidomethyl compound 
with a dipolarophile to form a compoimd 
having a polyazole ring linked to the 3- 50 
position carbon atom tiiroogh a methyl- 
ene group, 

vi) dea(7lation of a 3-acyloEsymelhyl orai- 
pound to form a 3-hydro^^ediyl com- 
pound, 55 

vii) acylation of a 3-hydroxymethyl compound 
to form a 3-acyloxyinethyl compound, 

viii) caibamcrylation of a 3-hydroxymediyl 
compound to form an unsiibstituted or 
substituted 3-carbamoyloxymethyl com- 50 
pound, and 

ix) removal of carboxyl blocking groups; 
and finally (D) recovering the desired com- 
pound of formula I or a non-toxic derivative 
tiiereof, if necessary after separation of iso- 55 
mers. 

Non-toxic derivatives of the compounds 
of formula I may be formed in any con- 
venient way, for example according to meth- 
ods well known in the art Thus, for example, 7Q 
base salts may be formed by reaction of die 
cephalosporin acid with sodium 2-ethylhexan- 
oate or potassium 2-ethylhexanoate. Biologic- 
ally acceptable ester derivatives may be formed 
using conventional esterifying agents. 1-Oxides 75 
may be formed by treatment of the cones- 
ponding cephalosporin sulphide with an 
appropriate oxidising agent, for example with 
a peradd such as metaperiodic add, peracetic 
add, monoperphthalic acid or m-chloroper- gQ 
benzoic add, or with t-butyl hypochlorite, 
this last reagent convenientiy being employed 
in the presence of a weak base such as pyri- 
dine. 

Acylating agents which may be employed 55 
in the preparation of compounds of formula 
I indude add balides, particularly add chlor- 
ides, or bromides. Such acylating agents may 
be prepared by reacting an .add (VI) or a 
salt tiiereof with a halogenating agent e.g. 90 
phosphorus pentachloride, thionyl chloride or 
oxalyl ddoride. Treatment of the soditmi, 
potasshun or triethylammonium salt of the 
add (VI) with oxalyl chloride is advantageous 
in that under these conditions isomerisation 95 
is minimal. 

Acylations employing add haUdes may be 
effected in aqueous and non-aqueous reaction 
media, convenientiy at temperatures of from 
-50 to +50*'C, preferably -20 to +30*C, IQO 
if desired in the presence of an add binding 
agent Suitable reaction media indude aqueous 
tetones such as aqueous acetone, esters sudi 
as ethyl acetate, halogenated t^drocarbons 
sudi as methylene diloride, amides such as 105 
dimethylacetamide, nitriles such as acetoni- 
trile, or mixtures of two or more such solvents. 
Suitable add binding agents indude tertiary 
amines (e.g. triethylamine or dimethylaniline), 
inorganic bases (e.g, caldum carbonate or 110 
sodium bicarbonate), and oxiranes such as 
lower 1,2-alkylene oxides (e.g. ethylene oxide 
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or propylene oxide) which bind hydrogen 
halide liberated in Ae acylation reaction. 

Acids of formula VI may themselves be 
used as acylating agents in the preparation 
5 of compounds of formula I. Acylations em- 
ploying acids (VI) are desirably conducted in 
the presence of a condensation agent, for 
example a carbodiimide such as NjN'-diethyl-, 
dipropyl- or diisopropylcarbodiimidej NjN'- 
10 dicyclohexylcarbodiimide or N - ethyl - N' - 

V - dimethylaminopropylcarfKKliimide; a car- 
bonyl compound such as carbonyldiimidazole; 
or an isoxazolinium salt such as N - ethyl - 
5 - phenylisoxazollnium perchlorate. Acylation 

15 reactions of this type are desirably effected 
in an anhydrous reaction medium, e.g. 
methylene chloride, dimethylfonnamide or 
acetonitrile. 
Acylation may also be effeaed with other 

20 amide-formmg derivatives of acids of formula 

VI such as, for example, a symmetrical an- 
hydride or a mixed anhydride (e.g. with 
pivalic acid or formed with a haloformate 
such as a lower alkylhalofonnate). The mixed 

25 or symmetrical anhydride may be generated 
in situ; thus, for example, a mixed anhydride 
may be generated using N - ethoxycarbonyl - 
2 - ethoxy - 1^ - dihydroquinoline. Mixed 
anhydrides may also be formed with phos- 

30 phorus adds (for example phosphoric or 
phosphorous adds), sulphuric add or ali- 
phatic or aromatic sulf^onic adds (for ex- 
ample p-toluene sulphomc add). 
It will be appredated that in processes 

35 for the preparation of compounds of formula 
I wherein R* or R** represents carboxy it will 
in many instances be necessary to protect the 
carboxy group, for example by substitution 
with a CMboxyl blocking group, e.g. a group 

40 as hereiiMore defined in connection with 

Any transformations of substiments at the 
3-position which may be necessary in the 
preparation of particular compounds of for- 
45 muk I may, for example, be effected by 
methods described in the literature. 

Thus, for example, compounds substituted 
at the 3-position by a groi^ 

50 wherein Y represents an ether or thioether 
group or a halogen , atom may be prepared 
as described in British Patents Nos. 1,241,656; 
1,241,657; 1,277,415 and 1,279,402. Com- 
pounds wherein Y is the residue of a nucleo- • 

55 phile may also be prepared by the reaction 
of a 3-acetoxymethyI cephalosporin compound 
with a nudeophile, for example pyridine or 
other tertiary amine as described in British 
Patent No. 912,541; a sulphur-linking, nitro- 

60 gen-linking or inorganic nudeophile as des- 
aibed in British Patent No. 1,012,943; a 
sulphur-linking nudeophile as described in 



British Patents Nos. 1,059,562; 1,101,423 
and 1,206,305; or a notrogen-liidting nudeo- 
phile as described in British Patents Nos. 65 
1,030,630; 1,082,943 and 1,082,962. Com- 
pounds in which Y is a derivative of a residue 
of a nudeophile, e.g. where Y is an amino 
or acylamido group derived from an azido 
group may be prepared as described in British 70 
Patents Nos. 1,057,883 and i;jll,694, these 
patents further describing the reaction of com- 
pounds in which Y is a^ido with a dipolaro- 
phile. Compounds wherein Y is the residue 
of a nudeophile may also be prepared by the 75 
reaction of a 3-halomethylcephalosporin with 
any of the nudeophiles disdosed in the above 
references, such a proces being described in 
British Patent No. 1,241,657, or by the reac- 
tion of a 3-halomethylcephaIosporin sulph- 80 
oxide with any of the nucleophHes disclosed 
in the above references, such a process being 
described in British Patent No. 1,326,531. 
The contents of the above mentioned British 
Patents are herein incorporated for reference 85 
purposes. 

Where a 3-halomethylcephalosporin ^ sul- 
phide or sulphoxide ester is reacted with a 
tertiary nitrogen nudeophile such as pyridine 
in accordance with the process of British 90 
Patent No. 1^1,657 or 1,326^31, the reac- 
tion product wiU usually be obtained in the 
form of, for example, the corresponding 3- 
pyridimummethyl halide. It has been ob- 
served that deesterification of compounds of 95 
this type by treatment with trifluoroacetic acid 
tends to pnunote isomerisation of the oxyimino 
moiety in the 7j3-acylamido side chain; such 
isomerisation is dearly undesurable if a pro- 
duct containing at least 90% of the syn 100 
isomer is to be obtained witiiout the need 
for a subsequent isomer separation stage. 

It has also been observed, however, that 
the tendency to isomerisation may be sub- 
stantially lessened if the 3-pyridiniummethyl 105 
halide is converted into the 3-pyridiniuni- 
methyl salt of .a non-hydrohalic acid (e.g. tri- 
fluoroacetic, acetic, formic, sulphuric, nitric 
or phosphoric add) prior to deesterification. 
Conversion of the halide salt into a non- 110 
hydrohalic acid salt is convenientiy effected 
by means of anion exchange. This may be 
brought about by, for example, use of a suit- 
able anion exchange resin, for exmaple in the 
trifluoroacetate form. Where an anion ex- 115 
change resin is employed, the 3-pyridinium- 
-methyl halide may be run throu^ a column 
of the resin prior to deesterification. It may 
be advantageous 5 to employ an inert organic 
solvent system (Le. one which does not have 120 
a harmful effect on the resin) to ensure ade- 
quate solubility for the cephalosporin com- 
pound; organic solvent systems wluch may be 
used indude lower alkanols such as ethanol, 
ketones such as acetone, and nitriles such as 125 
acetonitrile. 
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Compounds possessing a 3-substituent. 
-CHaY 

wherein Y is a hydroxy gnmp may be pre- 
pared by the methods described in British 
5. Patent No. 1,121^08 and Bdgian Patent No. 
841,937. 

Where Y is a halogen (i.e. dilorine, brom- 
ine or iodine) atom, ceph - 3 - em starting 
compounds may be prepared by halogenation 

10 of a 7j5 - acylamido - 3 - mediylceph - 3 - 
em - 4 - carboxylic add ester 1^-oxide f<^- 
lowed by reduction of the l)S-oxide group 
later in the sequence as described in British 
Patent No. 1^26,531. The corresponding 

15 ceph - 2 - em compounds may be prepared 
by the method of Dutch published Patent 
Application No. 6,902,013 by reaction of a 
3 - methylceph - 2 - em compound with N- 
bromosuccinimide to yield the corresponding 

20 3 - biomo - methylceph - 2 - em compound, 
Gaxfoamoylation of 3-hydroxymethyl com- 
pounds may be effected by conventional medi- 
od& Thus, for example, a 3-hydroxymethyl 
cephalosporin may be reacted with an isocyan- 

25 ate of formula R^^TCO (wherein rep- 
resents a labile substitumt group or an al^l 
group) to give a compound containing a 
3-podtioa substituent having the formula 
— CH«O.GONHR« (wherein has the above 

30 defii^ meaning). Where R' is a lalule sub- 
stituent this sa£tituent may if desked subse-. 
qoently be deaved, e.g. by hydrolysis, to form 
* a 3-carbamoyloxymediyl group* Labile groups 
R^ wtiidi are readily cleavai^^upon subse- 

35 quent treatment indude dilorosulphonyl and 
bromosulphonyl; halogenated lower a&anoyl 
groups such as dichloroacetyl and trichloro- 
acetyl; and halogenated lower alkoxycarbonyl 
groups such as 2,2,2-trichloroethoxycarbonyl. 

40 These labile R* groups may generally be 
cleaved by add or base catalysed hydrolysis 
(e.g. by base catalysed hydrolysis using sodium 
bicarbonate). 
Another carbamoylating agent of use in the 

45 carbamoylation of 3-hydroxymethyl cephalos- 
porins is cyanic add, which is conveniendy 
generated in situ froni, for example, an alkah 
metal cyanate such as sodium cyanate, the 
reaction being facilitated by the presence of 

50 an add, e.g. a strong organic add such as 
trifluoroacetic add. Cyanic add effecnvdy 
corresponds to a compound of formula 
R^NQ) wherein R® is hydrogen, and there- 
fore converts 3-hydroxymethyl cephalosporin 

55 compounds direcdy to their 3-carbamoyloxy- 
methyl analogues. 

3rHydroxymetiiyl cephalosporins for use in 
Hit above carbamoylation reactions may, for 
example, be prepared by the methods des- 

60 cribed in British Patent No. 1,121^08 and 
Bdgian Patents Nos. 783,449 and 841,937. 

Cephalosporin compounds possessing an 
acyloi^ethyi group as 3-position substituent 



may, for example, be prepared from a ceph- 
alosporin compound having a — CH^X group 65 
(s^re X=OH or the residue of an add * 
HX yMdx has a pKa of not more tiian 4.0, 
preferably not more than 3J, as measured 
in water at 2S**C) at the 3-posrtion. X may 
thus, for example, represent chlorine, bromine, 70 
iodine, formyloxy, an acetoxy group having at 
least one ekctron-^thdrawing substituent on 
the <e-caEbon atom, or a nudear substituted 
benzbylflxy group (the nudear substituent 
being of the elrctron witiidrawing type as 75 
described m British Patent No. 1,241,657), 
and the nudeophilic displacement reaction 
to form the desnred 3-position acyloxymethyl 
may be carried out as described in our afore- 
said British Patent No, 1,241,657. Altemat- 80 
ively, \diere X is hydrojqr, a 3-acyloxymethyl 
cephalosporin may be obtained by acylation 
analogous with that described in British Patent 
No. 1,141,293, i.e. by aralkylating the 4- 
carboxy group, acylating the 3-hydroxymeth]jd 85 
group of ^e protected compound and subse- 
quentiy removing die aralkyl group. 

Compoimds having a vinyl or substitiited 
vmyl group at the 3-position may be obtained 
by the method described in Belgian Patent 90 
No. 761,897. 

A'-Cephalosporin ester derivatives obtained 
in accordance with the process of the inven- 
tion may be converted into the corresponding 
A' derivative by, for example, treatment of 95 
tiie A* ester with a base. 

Cqrii - 2 - em reaction products may also 
be oxidised to yidd the corresponding ceph - 
3 - em 1-oxide, for example by reaction with 
a peradd as mentioned previously; the result- 100 
ing su^hozide may, if desired, subsequently 
be reduced as desaibed hereinafter to yield 
the corresponding ceph - 3 - em sulphide. 

Where a compound is obtained in which 
B is >S-»0 this may be converted to the 105 
corresponding sulphide by, for example, re- 
duction of the correspondmg acyloxysulphon- 
ium or alkyloxysulphonium salt prepared in 
situ by reaction with e.g. acetyl chloride in 
the case of an acetoxysulphonium salt, reduc- 110 
tiou bemg effected by, for example, sodium 
dithionite or by iodide ion as in a solution 
of. potassium iodide in a water misdble sol- 
vent eg. acetic add, tetrahydrofuran, dioxan, 
dimethylf ormamide or dimetiiylacetamide. The 1 15 
reaction may be effected at a temperature 
of -.20° to +50X. 

Where a compound of formula I is obtained • 
as a mixture of isomers, the syn isomer may 
be obtained by, for example, conventional 120 
methods such as crystallisation or chromato- 
graphy. Syn and anti isomers may be dis- 
tinguished by appropriate techniquesj e.g. by 
their ultraviolet spectra,, by thin layer or 
paper chromatography or by thdr proton 125 
magnetic resonance spectra. Thus, for example, 
the p.nLr. spectra of DMSO-dg solutions of 
syn compounds of Formula I exhibit the 
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10 



15 



20 



25 



30 



35 



40 



doublet for the amide NH at a lower field 
than do sinular soluticms of the corresponding 
ojrff-isomers. These factors niay be employed 
in monitoring reactions. 

Starting materials of foimula V ^teein 
Z' is the group 



may, for example, be_prepaied by the methods 
of Belgian Patent No. 774,480 and Frendi 
Patent No. 2,165,834. Starting materials of 
formula V wherein Z' is a group of formula 



(where Hal represents a halogen atom such 
as fluorine, dikrine or bromine) may, for 
example, be prepared as described in German 
OLS No. 2,408,686. 

Adds (VI) may be obtained by leactmg 
B glyozyhc acid of formula 

R.C0.C0OH (vni) 

(where R has the above-defined meaning) or 
an ester thereof with a hydroxylamine deriv- 
ative of formula 



HaN.O.(CH,)„.a(CH,)«.COOR»' 



(IX) 



(where R% R^ R*% in and n have tiie above- 
defined meanings). The resulting add or ester 
may be separated into its syn and anti isomers 
by, for example, crystalHsation, chromato- 
graphy or distillation, whereafter ester deriv- 
atives may be hydrolysed to yield tide corres- 
ponding add. 

Acids (VI) may also be prepared by 
edierification of an add of formula 



R.|.COOH 



(X) 



(where R has the above-defined meaning), 
e.g. by reaction widi a compound of general 
formula 



f,)-i.i 



may be effected either before or after such 
ethertfication. The etherification reaction is 
desirably carried out In die mssence of a 
base, e.g. potassium ^-butozide or sodmm 
hydride, and is preferably conducted in an 
organic solvent, for example dimetfaylsulph- 
oxide, a cyclic etiber such as tetrahydrofuran 
or dioxan, or an N,N-di5ubstituted amide 
such as dinietiiylformamide. Under these con- 
ditions the configuration of the oximino group 
is substantially unchaiiged by the ethenfica- 
tion reaction. 

Adds of formula VI and acylatmg agents 
derived therefrom (e.g. aq^l halides sudi as 
the chloride) are novel and comprise a feature 
of the present invention. 

Derivatives of the compounds of the in- 
vention in which the carboxy substituent of 
the 7j?-acylamido side chain is substituted 
by a carboxyl blocking groiq) are also new 
and comprise a feature of tiie invention. These 
monoester derivatives, which may be represen- 
ted by the general formula 



. T.(CH,)„.G(CH0«i-COOR*' (XI) 

(wherein R', R*, R*% w and « are as herein- 
before defined and T is halogen such as 
chloro, bromo or iodo; sulphate; or sulphon- 
ate such as tosylate). Separation of isomers 



DQ CQOH 



R.C.CO.fiH 

! 

N.ICHjWj^tCHjVCOOS^O 



mi) 



(wherein R, R% R^ Z, wt and n are as herein- 
before defined and R*** is a carboxyl blocking 
group such as t-butyl or diphenyhne±yl), are 
of value as intermediates m the preparation 
of antibiotic compounds of general formula 
I. The compounds (XII) may themselves 
exhibit antibiotic activity, although generally 
at a very low level when compared to corres- 
ponding compounds (I). 

Carboxyl hloddng groups R** and, where 
appropriate, R^' used in the preparation of 
compounds of formula I or in die preparaticm 
of necessary starting materials are destraUy 
groups which may readily be q>lit off at a 
suitable stage in the reaction sequence^ con- 
veniendy as the last stage. It may, however, 
be oonvenlent in some instances to employ 
biologically acceptable, metabolically labile 
carbincyl bloddng groups such as acyloxy- 
medqrl group® (e.g. pivaloyloxymetiiyl) and 
retain these m the final (Moodua to give a 
biologically acceptable ester derivative of a 
compound of formula L 

Suitable carbox^ blocking groups are well 
known in the art^ a list of representative 
blocked carboxyl groups bcii^ induded In 
Belgian Patent No. 783,449. Preferred 
blodced carboxyl groups include aryl lower 
alkoxycarbonyi groups such as p-methoxy- 
bcnzyloxycarbonyl, p-nitrobenzyloxycarbonyl 
and diphenylmethoxycarbonyl; lower alkoxy- 
carbonyi groups such as f-45utoxycarbonyl; 
and lower haloalkoxycarbonyl gioups such as 
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. 2,2,2-trichloroethoxycaibonyl. The carboxyl 
blocking group may subsequently be removed 
by any of the appropriate methods disclosed 
in the literature; thus, for example, acid or 
5 base catalysed hydrolysis is applicable in many 
cases, as are enzymic^y-catelysed hydrolyses. 

The antibiotic compounds of the InventiDn, 
e.g. c(»npounds of formula I and non-toxic 
derivatives thereof, may be formulated for 

10 administration in any convenient way, by 
analogy with other antibiotics and the inven- 
tion therefore includes within its scope 
pharmaceutical compositions comprising an 
antibiotic compound in accordance with the 

15 invention adapted for use in human or veterin- 
ary medicine. Such compositions may be pre- 
sented for use in conventional manner with 
^e aid of any necessary pharmaceutical car- 
riers or exdplents. 

20 The antibdotic compounds according to the 
invention may be formulated for injection 
and may be presented in unit dose form in 
ampoules, or in multi-dose containers with 
an added preservative. The compositions may 

25 take such forms as suspensions, solutions, or 
emulsion in oily or aqueous vehicles, and may 
contain f ormulatoiy agents such as suspending, 
stabilising and/or dispersing agents. Alter- 
natively 3ie active ingredient may be in pow- 

30 der fonn for reconstitution wi& a suitable 
v^de, e.g. sterile, pyrogen-free water, before 
use. 

The antibiotic compounds may also be pre- 
sented in a form suitable for absorption by 

35 the gastro-intestinal tract. Tablets and cap- 
sules for oral administration may be in unit 
. dose presentation form, and may contain con- 
ventional exdpients such as binding agents, 
for example syrup, acacia, gelatin, sorbitol, 

40 tragacanth or polyvinylpyrrolidone; fillers, for 
example lactose, sugar, maize-starch, caldum 
phosphate, sorbitol or glycine; lubricants, for 
example magnesium stearate, talc^ polyethylene 
glycol or silica; disintegrants, for example 

45 potato starch; or acceptable wetting agents 
such as sodium lauryl sulphate. The tablets 
may be coated according to methods well 
known in the art. Oral liquid preparation may 
be in the form of, for example, aqueous or 

50 oily suspensions, solutions, emulsions, syrups 
or elixirs, or may be presented as a dry 
produa for reconstitution with water or other 
suitable vehide before use. Such liquid pre- 
paration may contain conventional additives 

55 such as suspending agents, for example sorbitol 
syrup, me&yl cellulose, glucose/sugar syrup, 
gelatin, hydroxyethylcellulose, carboxymethyl 
cellulose, aluminium stearate gel or hydrogen- 
ated ed&le fats; emulsifying agents, for ex- 

60 ample ledthin, soibitan mono-oleate or acada; 
non-aqueous vehides (which may indude 
edible oils), for example almond oil, fraction- 
ated coconut oil, oily esters, propylene glycol 



or ethyl alcohol; and preservatives, for ex- 
aniple methyl or propyl p-hydroxybenzoates ^5 
or sdfbic acid. Tlie antibiotic compounds may 
also be formulated as suppositories, e.g. con- 
taining conventional suppository bases sudi as 
cocoa butter or other glyceride. 

Compositions for veterinary medicine may, 70 
for example, be formulated as intramammary 
preparations in dther long acting or quidc- 
rdease bases. 

The compositions may contain from 0.1% 
i^jwards, e,g. 0.1—99%, prefer^ly from 10— 75 
60% of the active material, depending on 
the method of administration. When the com- 
positions comprise dosage units, each unit 
will preferably contain 50—1500 mg of the 
active ingredient The dosage as employed for 80 
adult human treatment will preferably range 
from 500 to 5000 mg per day, depending 
on the route and frequency of administration^ 
although in treating Pseudomonas infections 
higher daily doses may be required. 85 

The antibiotic compounds according to the 
invention may be administered in combination 
with other iJierapeutic agents such as anti- 
biotics, for example penicillins, tetracyclines 
or odier cephalosporins. 90 

The following examples illustrate the in- 
vention. All temperatures are in **C. The struc- * 
ture of the products were verified by pjai.r. 
spectroscopy (Preparations and l^amples) 
and Lr. spectroscopy (Esamples only}. 95 



Preparation 1. 
2 - i - ButoxycarhoTtylmethoxyimino ' - 2 - 
(jur - 2 - yl)acedc add (syn isomer) 
The pH of a mixture of fur - 2 - ylglyoxylic 
acid (4J2 g), /-butoxycarbonylme^oxyamine 100 
(4.5 g) and water (50 ml) was adjusted to 
5.0 witii 2N sodium hydroxide solution. The 
resulting solution was stirred for 16 hours. 
The pH of the solution was increased to 7.0, 
and the solution was washed twice with ether. 105 
The aqueous solution was addified to pH 1.8 
under ether, and furdier extracted with ether. 
The combined ether extracts were washed 
(water, saturated brine), dried, and concen- 
trated to give a solid (7.62 g), which was HO 
crystallised from carbon tetradiloride to give 
the title compound (3.67 g, 46%) m.p. 
105.1—106.2°; A^ax (pH6 phosphate buffer) 
277.5 nm (e 16,300). 

Preparation 2. 115 
2 - ^ - Butoxycarbortylmethoxyimino - 2 - 
(tMen - 3 ^ yl)acetic add (syn isomer) 
Thien - 3 - yl^yoxylic add and ^-butoxy- 
caibonylmethoxyamine were reacted as des- 
cribed in Preparation 1 to give the title com- 120 
pound, m.p. 102.6 — 104.4° (from c^bon 
tetrachloride); K^x (pH6 phosphate buffer) 
258 nm (e 13,700). 
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Preparation 3. 
Z-RS-a-t - Butoxycarbonylbervsyhxy- 
imvno - 2 - (fur ' 2 - yl) acetic acid (syn 
isomer) 

5 a)(i) A mixture of N-hydroxyphthalimide 
(24.5 g), anhydrous potassium carbonate 
(16.5 g), r-butyl <r-bromophenylacetate (41 g) 
and dSnethylsulphoxide (225 ml) was stirred 
for 18 hours and was then poured into water 

10 (12 litres). The precipitated solid was fil- 
tered off, washed well with water, dried, and 
crystallised from industrial methylated spirits 
to give N - [«-(<- butoxycarbonyl) benzyl- 
oxy] phthalimide (41 g, 78%); m.p. 120.6— 

15 12L5°. 

(ii) To a solution of the above oxyphthal- 
imide (40 g) in dicfalorometfaane (500 ml) 
was added 100% hydrazine hydrate (11.4 
ml). A precipitate was formed immediately. 

20 The mixture was stirred for 1.5 hour^ where- 
after sufficient 5N ammonium hydroxide solu- 
tion was added to dissolve the precipitate. 
The two layers were separated, and fiie aqueous 
layer was extracted once with methylene chlor- 

25 ide. The combined organic extracts were 
washed (water, saturated brine), dried, and 
concentrated to give t - butyl a - (andnooxy)- 
phenylacetate (25.0 g, 98% as colourless 
crystals, m.p. 482—49.6*. 

30 b) Fur - 2 - ylglyoxylic acid and /-butyl 
o^(aminooxy) phenylacetate were reacted as 
described in Preparation 1 to yield the Me 
compound in 42% yield, m.p. 97.9—98.9** 
(from carbon tetrachloride); Am^x (pH6 

35 phosphate buffer) 278 nm (e 18,400). 

Preparation 4. 
2 - / - Butoxycarbonylmethoxyimim - 2 - 
(thien - 2 - yl)acetic add (syn isomer) 
To a stirred suspension of sodium hydride 

40 (60% dispersion in oil, 0.96 g) in tetra- 
hydrofuran (40 ml) was added 2 - hydroxy- 
imino - 2 - (diien - 2 - yl) acetic acid (syn 
isomer) (1.71 g). The mixture was stirred 
for 30 minutes, after which time dimethyl- 

45 sulphoxide (25 ml) was added and stirring 
was continued for a further hour. ^-Butyl 
chloroacetate (1.78 g) was added to the mix- 
ture, which was stirred for 16 hours and was 
then poured into water (300 ml). After being 

50 washed twice with ether, the aqueous phase 
was acidified to pH 1.7. Extraction with ether 
and concentration of the washed (water, satur- 
ated brine) and dried extracts gave a solid 
. (2.71 g) which was crystallised from carbon 

55 tetrachloride to give the title compound 
(0.952 g, 33%), m.p. 88.3— 91.3^ A«„ 
(pH 6 phosphate buffer) 270.5 and 288 J nm 
(e 9,200 and 10,800). 



Preparation 5. 
2 - f 2 - / - Butoxycarbanylprop - 2 - yloxy- 60 
imino) - 2 - (jur - 2 - yl)acetic add (syn 
isomer) 

A solution of 2 - (fur - 2 - yl) - 2 . hy- 
droxyiminoacetic acid {syn isomer) (14.1 g) 
in dimethyl sulphoxide (100 ml) was added 65 
all at once to a magnetically stirred solution 
of potassium i-butoxide (22.4 g) in dimethyl 
sulphoxide (400 ml), die reaction mixture 
being maintained under an atmosphere of dry 
nitrogen. A gd was formed which, on stirrings 70 
became a finely divided, yellow solid. Stirring 
was continued for one hour, and then a solu- 
tion of t - butyl 2 - bromo - 2 - methyl- 
propionate (24.0 g) in dimetiiyl sulphoxide 
(50 ml) was ad(kd over one hour to the 75 
reaction mixture at room temperature. After 
addition was complete, tiie resulting solution 
was stirred for a further hour. The reaction 
was poured into ice-water (1.5 litres) and 
acidified under etiier (500 ml) to pH 1.8 80 
with concentrated hydrochloric acid. The two 
layers were separatwl, and the aqueous layer 
was extracted with more ether. The combined 
ether extracts were washed once with water, 
then extracted with aqueous sodium bicaibon- 85 
ate solution. Hie combined alkaline extracts 
were acidified under ether to pH 1.8 with 
concentrated hydrochloric add, and the acid 
solution was extracted further with ether. The 
combined ether tracts were washed (water, 90 
saturated brine), dried, and concentrated to 
a yellow oil, whidi crystallised under high 
vacuum (22.41 g, 83%), A„„ (EtQH) 
272J nm (e 15,400). 

The above solid (22.4 g) was crystallised 95 
from carbon tetrachloride (25 ml) to give the 
title compound {ISA! g, 61%), m.p. 72.5— 
74.2° (73.0°). 



Preparations 6 — ^20. 
Method A 100 

The dipotassium salt of 2 - (fur - 2 - 
yl) - 2 - hydroxyiminoacetic acid (syn isomer) 
was generated under an atmosphere of dry 
nitrogen and alkylated with the appropriate 
halo - r - butyl ester as described in Prepara- 105 
tion 5. The products were isolated by pouring 
into water, acidifying, and extracting in the 
conventional manner. 



Method B 

As method A but using a halo-diphenyl- 
metiiyl ester. 

The half esters prepared by these methods 
are listed in Table 1. 
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Preparation 21. 
2 ' (2 - t ' Buioxycarbanylprap - 2 - yloxy- 
imino) - 2 - (Oden - 2 - y/J acetic acid 
(syn isomer) 
5 The title c^)mpound was prepared from 2 - 
hydroxyimino - 2 - (thien - 2 - yi) acetic 
add {syn isomer) and ^-butyl^ 2 - bromo - 
2 - methylpropionate, in a similar manner to 
that described for Preparation 5, in 78% 
10 yield as a colourless oil, and was characterised 
as the N - benzyl - 2 - phenylethylammonium 
sal^ m.p. 201,3—201.9* (from ethanol). 

Preparation 22. 
2 ' (2 " t " Butoxycarhanylethoxyimim) - 

15 2 - (fur - 2 - yi)acetic add (syn isomer) 
To a miirture of methyl acetohydroximic arid 
ICH».C(:N0H).0CH8] (8.9 g) and ^-butyl 
acrylate (12.8 g) was added a solution of 
potassium i-butoadde (0.1 g) m f-butanol (1 

20 ml). The mixture was kq>t at 0° for 65 
hours, then washed with water, dried, and 
distilled, to give 2 - t - butozycazbonylethyl 
mediyl acetohydrozimate (237 g, 11%), b.p. 
85— 8771.2 mm Hg. 

25 To a solution of fur - 2 - ylglyoxylic add 
(126 g) in water (50 ml) was added 2 - < - 
butoxycarbonylethyl methyl acetohydroximate 
(2.15 g) and suflScient methanol to give a 
homogenous mixture, which was stirred for 

30 30 minutes at pH li. The pH was adjusted 
to 4.5 with 2N sodium hydroxide solution, 
and tie mixture was stirred for a further 16 
hours, when reaction was almost complete, 
Metiianol was removed under reduced pressure, 

35 the pH of the residue was raised to 7.0, and 
the aqueous mixture was washed twice with 
ether. ITie aqueous phase was acidified in the 
presence of dichloromethane to pH 1.7, and 
the phases were separated. The aqueous phase 

40 was extracted twice more with dichlorometh- 
ane. The combined dichloromethane extracts 
were washed with water, dried, and concen- 
trated to give a fawn solid (1.53 g) (mixture 
of syn and anti isomers, 85:15) which was 

45 crystallised from carbon tetrachloride to give 
the tide compound (0,975 g, 34%), m.p. 
74.7_77.2<^; (pH6 buffer) 277 nm (e 
16,500). 

Preparation 23. 
50 t - Butyl 1 - Bromocyclopentcmecarhoxylate 
To a mixture of 1-bromocydopentanecar- 
boxylic add (36.99 g) and anhydrous edier 



(35 ml) in a 500 ml pressure bottle, con- 
taining a magnetic stSrrer-bar, was added con- 
centrated sulphuric add (3.5 ml), followed 55 
by precondensed isobutene^ (150 ml). The 
bottle was sealed, and stirred at ambient 
temperature for 20 houn. The botde was 
then opened, exces isobutene was evapomted, 
and the residue in ether was washed with w 
aqueous sodium bicarbonate solution and 
water, dried, an concentrated. The residue was 
distilled under reduced pressure to give the 
title ester (b.p. 66—7470.5—2.0 mm) 
(33.6 g, 70%); v^^x (CHBr,) 1702 cm-^ ^ 65 
(dXas) 7.78, 8.20 (cydopentane protons) 
and 8.54 (C(CHs)s). 

Preparation 24. 
Diphenylmethyl a-bromohexanoate 

o-Bromohexanoic add (1.95 g) in light 70 
petroleum spirit (25 ml, b.p. 40—60**) was 
treated wi^ a sUKrk solution of diphen3ddi- 
azomethane in petroleum spirit (b.p. 40 — 
60®) (ca. 3.8 mmole/10 ml) dropwise with 
stirring until a faint violet colour persisted. 75 
The mixture was stirred for 2 hours at room 
temperature, whereupon the solvent was re- 
moved in vacuo. The resulting oH in ethyl 
acetate was washed with a saturated aqueous 
solution of sodium bicarbonate then with water 80 
and dried. Removal of the solvent gave the 
thU ester (3.0 g, 90%), (EtOH) 252, 
258, 263:5, 267.5 and 276 nm (« 1650, 1600, 
1350, 1150 and 850). 



Preparations 25—34, 85 
orHdo SubstiiiUed Carboxytic Add Esters 
Method A 

The appropriate <»-halo carboxylic add was 
treated with isobutene and concentrated sul- 
phuric add in a pressure botde at room 90 
temperature for 10--40 hours by the metfiod 
described in reparation 23 to give the t-butyl 
esters listed in Table 2. 

Method B 

The appropriate a-halo carboxylic add in 95 
a solvent (e.g. ether, petroleum, ethyl acetate) 
was treated wiA a solution of diphenyldiazo- 
.methane until a faint permanent colour was 
obtamed. The ester was washed with alkali 
in the manner described in Preparation 24 100 
to give the diphenylmethyl esters listed in 
Table 2. 
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Examine 1. 

a) (6R,7R) - 3 - Acetoxymethyl ^ 7 - [2 ^ 
t - htU&xycarhimylmethffxyirmno - 2 - 
(jur - 2 - yljacetamido] cepk - 3 - em - 

5 4 - carboxyltc acid ( syn isomer) 

Oxalyl chloride (0.45 ml) was added at 
S*' to a stirred solution of 2 - i - butoxy- 
carbon^methoxyimino - 2 - (fur - 2 - yl) 
acetic add (syn isomer) (135 g) in dry 

10 dichloiome±ane (50 ml) containing triethyl- 
amine (07 ml) and dunethylformamide (1 
drop). The solution was stirred at 5"° for one 
hour and was then evaporated to dryness at 
5**, The residue was suspended in acetone 

15 (50 ml) and was added over 30 minutes to 
a stirred, ice-cooled sohition of (6R,7R) - 

3 - acetoxymethyl - 7 - aminoceph - 3 - em - 

4 - carboxylic add (1.36 g) in water (100 
ml) and acetone (50 ml) containing sodium 

20 bicarbcmate (1.0 g). The reaction mixture 
was stirred for one hour, whereafter the ace- 
tone was evaporated under reduced pressure. 
The residue was addified to pH 1.8, and 
litis fflixtuxe was extracted with ether. The 

25 om^ined extracts were washed (water, satur- 
ated brine), dried, and evaporated to give the 
aUe compound (2J2 g, 96%) as a pale 
yellow foam, [a]D+28J° (c 0.96, DMSO); 
Amu (pH6 phosphate buffer) 276.5 mn (e 

30 17,900). 

b) (6RJR) - 3 - Acetoxymethyl ^7 -{2- 
carboxymethoxyimino - 2- (fur - 2 - 
yl) ' acetamido]ceph ^ 3 - em - 4 - 
carboxyltc acid, disodium sdi (syn isa- 

35 mer) . 

A solution of (6R,7R) - 3 - acetoxymethyl - 
7 - [2 - / - butoxycarbonylmetiioxyimino - 
2 - (fur - 2 - yl)acetanrido]ceph - 3 - em - 

4 " carbo^lic add (syn isomer) (1.422 g) 
40 and anisole (0.25 ml) in trifluoroacetic acid 

(5 ml) was kept at ambient temperature for 

5 minutes. The mixture wis concentrated at 
reduced pressure, ethyl acetate (10 ml) was 
added, and the mixture was re-evaporated. 

45 The residue was distributed between etiier and 
solum bicarbonate solution. The ether layer 
was extracted further with sodium bicarbon- 
ate solution and tiie combined alkaline extracts 
were addified to pH 1.8 under ether. The 

50 add mixture was extracted with ether, and 
the combined etiier extracts were washed 
(water, saturated brine), dried, and evapor- 
ated to give the dicarboxylic add corres- 
ponding to the tide compound (942 mg, 

55 74%), r (de— DMSO) values indude 0.24 
(d, J 8Hz, NH), 4.13 (dd, 7-H), and 5.31 
(s, O/^CO^H). 

This, di-add (900 mg) in acetone (9 ml) 
was neutralised with a solution of sodium 2- 

60 ethylhexanoate (700 mg) m acetone (5 ml). 
The ntixture was stirred for 10 minutes, Aen 
. the precipitated solid was filtered off, washed 
with a little acetone, and dried to give the 
titU compound (S07 mg, 60%), Wd+IS*^ 



(c 1.08, DMSO); (Nujol — registered 65 
Trade Mark) 1766 axr^ (j5-lactam). 

Examples 2—23. 
General Procedure for the Preparation of 
(6RJR) - 7 ^ (2 ^ Aryl • 2 ' carboxy - 
R^ - oxyiminoacetamido) - 5 - (substituted) 70 
ceph • 3 ' em ' 4 ' carboxylic Adds ( syn- 
isoniers) and/or ihetr Sdts 

Method A 

Following tiie procedure described in Ex- 
ample 1, a solution of the appropriate 2 - aiyl - 75 

2 - ^ - butoxycarbonyl - R' - oximinoacetic 
add (sy«-isomer) (1 equiv) . b metiiylene . 
chloride optionally containing a few drops 
of N,N - dimetiiylfonnamide and trietii)^- 
amme (1 equiv) was treated with oxalyl chlor* 80 
ide {1 equiv) at 0-^5° for ca. 1 hour; The 
mixture was then evaporated to dryness. The 
residue was suspended or dissolved in acetone 

and added to a stirred, ice-cold solution of 
(6R,7R) -3 - acettaqmetiiyl - 7 - aminoceph- 85 

3 • em - 4 - carbo^c add (1—1.2 equiv) 
in water or a nuxture of acetone and water 
containing sodium hydrogen caibcmate (2— 2 J 
equiv). The reaction nuxture was stirred for 
OJ— 2i hours, allowing die temperature to 90 
rise to room temperature, whereafter die ace- 
tone was removed und^ reduced pressure. 

The pH was adjusted to 1.5—2.0 and the 
product extracted into ethyl acetate (alter- 
nativdy ether or methylene chloride may be 95 
used). The organic layer was washed witii 
water and/or saturated brine, dried and evap- 
orated to give the corresponding (6R,7R) - 
3 - acetoxymethyl - 7 - (2 - aryl - 2 - < - 
butoxycarbonyl - R' - oxyiminoacetamide)- 100 
ceph - 3 - em - 4 - carboxylic acid (syn- 
isomer) which was characterised by. optical 
rotation and/or by spectroscopy. 

The f-butyl esters were deprotected by 
treating with trifluoroacetic add containing 105 
anisole at room temperature for at least 5 
minutes. The reaction mixture was evaporated 
w vacuo and the product isolated by tritura- 
tion or by distributing between ethyl acetate 
(or ether) and an aqueous solution of sodium 110 
hydrogen carbonate, separating the aqueous 
extracts, acidifying these extracts under ethyl 
acetate and isolating the title dicarboxylic acid 
in the usual way. The products are listed 
in Table 3. 115 

Metlu>d B 

As Metiiod A except tiiat the appropriate 
2 - aryl - 2 - diphenylmethoxycarbonyl - R** - 
oxyiminoacetic acid (lyw-isomer) was used 
in place of the ^-bu^l ester, ITie products 120 
axe listed in Table 3. 

Method C 

As Metiiod A or B except that the dicarb- 
oxylic add was converted into its disodium 
salt by treating a solution of the add m 125 
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Example 24. 

(6R,7R) . 7 - [2 - Carhaxymeihoxyimino - 
2 - (fur - 2 - yl) ' acetamido] - 3 - (1 - 
metkyltetrazol - 5 - yltkumethyl)ceph - 
5 3 - em ' 4 " carhoxylic acid (syn isomer) 
A solution of 2 - ^ - butoxycaibonylmeth- 
oxyimino - 2 - (fur - 2 - yl)acetic add {syn 
isomer) (0.97 g) in methylene chloride (20 
ml) was added dropwise at room temperature 

10 over 15 minutes to a stirred solution of di- 
phenylmetiiyl (^,7R). - 7 - amino - 3 - 
(1 . metiiyltetrazol - 5 - ylthiomethyl)ceph - 
3 - em - 4 - carboxylate (1.484 g) and di- 
cydohexylcaibodiimide (0.743 g) in methyl- 

15 ene chloride (45 ml). After stirring for a 
further 2 hours the solvent was removed by 
evaporation, and the residue was stirred for 
5 minutes with ethyl acetate (50 ml) and 
filtered. The filtrate was washed with saturated 

20 sodium bicarbonate solution, diluted with an 
equal volume of water and then with brine 
(25 ml of each), dried and evaporated to 
a foam (2J g) which was dissolved in ben- 
zene and punfied by chromatography on 

25 Kieselgd (70 g). Elution with benzenetethyl 
acetate (10:1), combination of appropriate 
fractions and evaporation to dryness gave a 
foam (2.05 g) which was dissolved in ethyl 
acetate and run into light petroleum to give 

30 diphenylmethyl (6RJR) ^7 -[Z-t- butoxy- 
carbonylmetkoxyimino - 2 - (fur - 2 - yl) - 
acetamido] - 3 - (1 - methyltetrazol - 5 - 
ylthiomethyljcepk ^ 3 - em * 4 - carboxylate 
(syn isomer) (2.02 ^ 90%) as a white amor- 

35 lAous soHd, Wd" — 102*' (c 0.99, CHO,); 
A™« (EtOH) 278 nm (e 19,800). 

A solution of this diester (1.93 g) in a 
mixture of trifluoroacetic add (7.7 ml) and 
anisole (1.9 ml) was kept at 0" for 10 min- 

40 utes and then added to a mixture of saturated 
sodium bicarbonate and water (1:3, 850 ml). 
After stirring for 10 minutes the mixture was 
washed with ethyl acetate, covered with more 
ethyl acetate (200 ml) and acidified to pH 2 

45 witii concentrated hydrochloric acid. The 
organic phase was separated, washed with 
water and brine, dried and evaporated to a 
foam (1.54 g). Thin layer chromatography 
suggested that deprotection was incomplete 

50 and the product was retreated with trifluoro- 
acetic acid (4.3 ml) and anisole (1.1 ml) 
at 20® for 15 minutes, whereafter the product 
was isolated as a foam (1.3 g) as described 
above. This foam in ethyl acetate was run 

55 into light petroleum to give the title dicarh" 
oxylic acid (0.8 g, 59%) as a white amor-- 
phous solid, [<t]i>"— 99° (c 1.05, acetone); 

(O.lM-pH 6 phosphate buffer) 277 nm 
(e 21,900); va^ (Nujol) 1780 cm-^ r (d,- 

60 DMSO) values indude 0.19 (d, NH), 4.14 
(dd, 7-H), 530 (s, CHiCOjH). 



Bcamples 25—36. 
Generd Procedure for the Preparation of 
(6R;7R) . 7 - [2 . carboxy - R^ - oxy- 
imino - 2 - (fur - 2 - yI)acetamido] - J - 65 
(substituted) - eeph - 3 - em - 4 - carb- 
oxylic acids (syn isomers) using Dicyclo- 
hexylcarbodiimide 

(i) To a solution of a diphenylmethyl 
(6R,7R) - 7 - amino - 3 - (substituted) ceph - 70 
3 - em - 4 - carboxylate (1 equiv) and di- 
cydohexylcarbodiimide (1-^13 equiv) in dry 
methylene chloride was added at 0—25** a 
solution of the appropriate 2 - t - butoxy- 
cMbonyl - R' - oxyimino - 2 - (for - 2 - 75 
yl)acetic add {syn isomer) (1 — 1.15 equiv) 

in dry methylene chloride. After stirring for 
0.5 — ^5-0 hours tiie dicydohexylurea was re- 
moved by filtration and the filtrate was evap- 
orated. The residue in ethyl acetate or methyl- 80 
ene chloride was washed successivdy witii 
aqueous sodium bicarbonate, water and brine, 
dried and evaporated. The diester was purified 
by chrraiatography on silica or, after decolour- 
isation with charcoal, by trituration or crystal- 85 
lisation. The product was characterised by its 
p.ni.r. spectrum and by thin layer chromato- 
graphy. 

Where the 7-amino starting material was 
available as an add addition salt the free base 90 
was liberated by shaking with a mixture of 
e&yL acetate (or methylene chloride) and 
an excess of an aqueous solution of sodium 
bicarbonate. After washing with water and 
brine the organic layer was evaporated to dry- 95 
ness and the free amine used as described 
above. 

(ii) Method A. The intermediate diesters 
so derived were deproteaed by dissolving in 

a mixture of trifluoroacetic add (3—10 ml/ 100 
1 g of diester) and anisole (0.8 — 12 ml/1 g 
of diester) and left at between 0^ and room 
temperature for between 5 minutes and 25 
hours. The mixture was concentrated under 
reduced pressure and added to a mixture 105 
of ethyl acetate or ether and excess aqueous 
sodium bicarbonate, and the aqueous layer 
was washed with etiiyl acetate. The aqueous 
phase was covered with ethyl acetate and 
acidified to pH 1—2 with hydrochloric acid. 110 
The organic layer was washed, dried and 
evaporated to give the required dicarboxylic 
add. 

(ii) Method B. 

In some cases where treatment with tri- 115 
fluoroacetic add was insuffident to complete 
deprotection the intermediate monoester 
(usually the t-butoxycarbonyl group was 
cleaved more slowly than the diphenylmeth- 
oxycarbonyl group) was retreated with tri- 120 
fiuoracetic add and anisole and the diadd 
isolated as desaibed above. 
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r values for d^-DMSO at 100 MHz 
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Example 37. 
(6R,7R) - 7 - [2 ~ (1 ' Carboxycychpent - 
1 - yhxyimino) - 2 - (fur - 2 - yljacet- 
amidoceph 3 - em - 4 - carboxylic add 
5 (syn isomer) 

a) A stirred solution of diphenylmethyl 
(6R,7R) - 7 - aminoceph - 3 - em - 4 - 
carboxylate (5iO g) and propylene oxide 
(5.23 g) in dry methylene chloride (100 ml) 

10 at -5® was treated dropwise, over 20 min- 
utes, with a solution of 2 - (1 - t - butoxy- 
carbonylcydopent - 1 - 54oxyimino) - 2 - 
(fur - 2 - yl) - acetyl chloride {syn isomer) 
in mediylene chloride (see below). The result- 

15 ing solution was stirred at 0"* for 40 minutes 
and allowed to warm to 22® while stirring 
for a finrther hour. Methanol (15 ml) was 
added and the stirring continued for 15 min- 
utes. The solution was . washed with 2N - 

20 hydrochloric acid, saturated aqueous sodium 
bicarbonate and saturated brine. After drying 
and darification with diarcoal evaporation 
afforded a foam, which was dissolved in ether 
and added dropwise to petroleum-ether to give 

25 diphenyhnetkyl (6RJR) ^ 7 ^ [2 ~ (1 ^ t - 
butoxycarhonylcydopent - i - yJaxymino) - 
2 - (fur "Z-yl) ' acetaimdo\ceph ^3 - em- 
4 - carboxylate (syn isomer) as a colourless 
powder (8.3 g, 83%); Wi>+43' (c 0.1, 

30 CHas); (EtOH) 277 mn (e 17,300). 
(b) The diestjer prepared in (a) above 
(6 g) in anisole (30 ml) at 0® was treated 
with trifluoroacetic add (24 ml) and the solu- 
tion was stined for 30 minutes. The reaction 

35 mixture was allowed to reach 22^ while stirring 
for a further 2 hours, and was then concen- 
trated in vacuo to ca 20 ml The residual 
oil was partitioned betwen ediyl acetate and 
saturated atjueous sodium bicarbonate. The 

40 organic layer was extracted with bicarbonate 
solution and the combined alkaline layers were, 
washed with ethyl acetate and ether. The 
aqueous layer was covered with ethyl acetate 
and adjusted to pH 1.5 wiA concentrated 

45 - hydrochloric add. The resulting organic layer 
was washed with isaturated brine, dried and 
evaporated to a foam which contained the title 
add 

The foam was dissolved in a buffer con- 

50 raining 0.1 M sodium acetate, 0.1 M acetic 
add and 0.2 M sodium chloride (75 ml) with 
the aid of sodium bicarbonate. The solution 
was treated with Amberlite (registered Trade 
Mark) XAD-8 (50 ml) and adjusted to pH 

55 4.8 with 2A7-hydrochbric acid. The resulting 
stirred suspension was treated with Woehn 
neutral alumina (20 g) while the pH was 
maintained at 4.8. The suspension was stirred 
for 20 minutes and was loaded on a colunm 

60 above WoeLn neutral alumina (25 g). The 
title add was eluted with the aforementioned 
buffer (300 ml) and with 2% aqueous sodium 
acetate (500 ml). The duates were freeze- 
dried and redissolved in the minimum vol- 

65 mne of water. After adjustment to pH li 



with concentrated hydrochloric add, the addic 
liquors were extracted with ethyl acetate and 
the combined extracts were dried and evap- 
orated to give a foam. On trituration with 
ethyl acetate, petroleum and ether the tiUe 70 
adk was obtained as a colourless solid (3.5 g, 
88%); [a]D+162® (c 0.01, 5% aqueous 
NaHCOa); (pH 6 phosphate buffer) 
282 nm (e 14,000); (Nujol) 1775 
lactam), 1710 (CO2H), and 1680 and 1528. 75 
cm-^ (CONH); t (DMSO-de) values in- 
dude 037 (d, J 8H2, CONH), 2.10, 3,24 
and 331 (m, furjd protons), 4.05 (dd, J 5 
and 8 Hz, 7-H), 4.80 (d, J 5 Hz, 6-H), 
and 7.90 and 825 (2 x broad m, cydopentyl 80 
protons). The pjn.r. spectrum also showed 
the presence of i mol each of eth^ acetate 
and water. 

The acylating agent used in step (a), above 
was made as follows: — 85 

A stirred suspension of phosphorus penta- 
diloride (3.75 g) in dry methylene chloride 
(120 ml) and dimethylacetamide (6.53 g) 
at -10** was treated with 2 - (1 - i - 
butoxycarhonylcydopent - 1 - ylojcyimino) - 90 

2 - (fur - 2 - yl) acetic add (syn isomer) 
(5.82 g) in small portions to maintain the 
temperature bdow -5®. After stirring for 
15 minutes the solution was treated witii ice 

(40 g) and stirred for 20 minutes to give 95 
tiie correspondmg add diloride in the organic 
layer. 

Examples 38 — 42. 
Generd Procedure for the Preparation of 
(6RJR) - 3 - (OptiomMy subsHtuted) - 100 
7 - [2 - (carboxy ^ R" • oxyimino) - 2 - 
(fur - 2 - yl)acetamido] - cepk - 3 - em ^ 
4 - carboxylic Adds (syn-isomers) by 
Treadng an Ester of a (6RJR) - 3 - 
(OpiiondUy substituted) 7 - aminoceph - 105 
j . etit - ^ - carboxylic Ad^ with an Add 
Chloride (syn^omer) 
A 2 - (/ - butmgrcarbonyl - R"^ - oxy- 
imino) - 2 - (fur - 2 - yl)acetic add (syn^ 
isomer) was converted into its add chloride 110 
as described for Examples 2 — ^23. A solution 
<^ the add chloride (1 — 13 equiv) in methyl- 
ene chloride was added dropwise at -5^ to 
+5^ over a period of IG— 30 minutes to a 
solution of diphenyknetiiyl (6R,7R) - 3 - 115 
(optionally substituted) - 7 - aminoceph - 

3 - em - 4 - carboxylate (1 equiv) in dry 
methylene dibride containing propylene oxide 
(5—20 equiv). The reaction mixture was 
stined for ca 1—3 hours at 0" to room tern- 120 
perature and then washed successively with 
2N-hydrodiloric add, aqueous sodimn bicarb- 
onate, water and/or brine. The dried organic 
layer was evaporated and the residue purified 

by trituration, precipitation, diromatography 125 
or crystallisation. 

The resulting diphenylmethyl (6R,7R) - 
3 - (optionally substituted) - 7 - [2 - (/ - 
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Example 43. 
(a) (6RyR) - 3 - BenzaylDxymethyl - 7 - 
[2 - (2 ' i ' hutoxycarbonylprop - 2 - 
yloxyimno) -2'(fur^2' yl)aceiamido]' 
5 ceph ' 3 ' em * 4 - earboxylic aad (syn 
isomer) 

A suspension of phosidionis pentachloride 
(313 mg) in dry dicMoromethane (4 ml) 
at -10"* was treated with N,N-dimcdiyl- 

10 acetamide (0.7 ml) Mowed by 2 - (2 - <- 
butoxycaibonylpn^ - 2 - ^oxyimino) - 2 - 
(fur - 2 - yl) acetic acid (syn isomer) (446 
mg) portionwise. The resulting solution was 
stirred at - 10** for 30 minutes, treated widi 

15 ice (ca 1 g) and stirred at below 0* for 15 
minutes. I^e organic phase was added drop- 
wise to a solution of (6R,7R - 7 - ammo - 
3 - benzoyloxymethylceph - 3 - em - 4 - 
earboxylic add (502 mg) in N,N-dimetfayl- 

20 acetamide (2 ml) and acetonitrile (2 ml) 
containing triethylamine (1.09 ml) at below 
0**. The solution was stirred at 0° to 5** for 
2 hours, methanol (0.3 ml) was added, and 
stirring was 'continued for 15 minutes. The 

25 solution was diluted with dichloromethane 
(20 ml) and washed sucessively with 2N- 
hydrodiloric acid, water and brine, dried and 
evaporated to a gum (1.02 g). A solution of 
this gum in ethyl acetate (6 ml) was run 

30 dropwise into stirred petroleum ether (b.p. 
40^-^*^, 200 ml) to give the title acid as a 
cream powder (769 mg, 83%); Wd+26** 
(c 1.05, acetone); ^in« (pH 6 phosphate 
buffer) 233.5 nm (c 19,200) and 274 nm 

35 (« 18,600); w (Nujol) 1790 cm"^ (^-lac- 
tam); r (d«-DMSO) values indude 029 (d, 
J 8 Hz, NH), 4.03 (dd, J 8 and J 5 Hz, 
7-H), 8.50 (s, C(CHs)0 and 8.58 (s, 
C(CHs)a. 

40 (b) (6RJR ) '3 • Bemoyloxymthyl ^7[2' 
(2 - carboxyprop - 2 - yioxyimino) - 2 - 
(fur - 2 - yl)acetamido]cepk - 3 - em - 
4 - earboxylic acid ( syn isomer) 
A solution of (6R,7R - 3 - benzoyloxy- 

45 methyl - 7 - [2 - (2 - f - hutoxycarbonyl- 
prop - 2 - yioxyimino) - 2 - (fur - 2 - yi)- 
acetamido] - ceph - 3 - em - 4 - earboxylic 
add (syn isomer) (620 mg) in anisole (0.6 
ml) and trifluoroacetic add (3 ml) was stirred 

50 at 20® for 25 minutes. The solution was par- 
titioned between ethyl acetate and aqueous 
sodium bicarbonate soltuion and the pH ad- 
justed to pH 8 by addition of solid sodium 
bic^bonate. The aqueous phase was separated, 

55 washed wiA eAyl acetate, covered with ethyl 
acetate, and the pH adjusted to pH IJ 
• by addition of concentrated hydrochloric add. 
Tlie organic phase was separated, washed 
successively with water and orine, dried and 

50' evaporated to an oily foam (584 mg). A 
soluticm of this foam in ethyl acetate was 
run dropwise into stirred petroleum ether (b.p. 
4O_60®) to give the title dicarboxylic aad 
as an off-white solid (384 mg, 67%); [a]D+ 



30.4^ (c 1.0, acetone); Kzx (pH phosphate 65 
buffer) 234 nm (« 19,700) and 273 nm 
\s 18,450); (Nujol) 1784 cm-^ (jS-lac- 
tam); r (d^-DMSO) values indude 030 (d, 
J8 Hz, NH), 4.07 (dd, J8 and J5Hz, 7-H), 
and 8.50 (s, C(CHa)a). 70 

Example 44. 
Potassium (6RJR) - 7 - [2 - carboxymetk- 
oxyimifto - 2 - (fur . 2 > acetandia] - 

3 - pyridiniummethyl - ceph - 3 ^ em » 

4 - carboxylaie (syn isomer) lt> 
A mixture of (6R,7R) - 3 - acetcn^mediyl- 

7 - [2 - caiboxymethoxyimino - 2 - (fmr - 
2 - yl)acetamido]ceph - 3 - em - 4 - car- 
boxylate (^syn isomer) (3.26 g), potasshmi 
thiocyanate (5.25 g), pyridine (072 ml) and 80 
water (2 ml ) was stined and heated for 40 
minutes at 80°. The cooled reaction mixture 
was diluted witht water (5 ml) and adsorbed 
on a column of XAD-2 resin (500 g). Com- 
ponents of the reaction mixture were duted, 85 
first with water and then with aqueous 
ethanol (1:3) and collected using an auto- 
matic fraction collector. Those fractions hav- 
ing the characteristic ultraviolet absorption 
pattern of the required product were com- 90 
bined and evaporated to dryness m vacuo 
at i<35*. The crude material (600 mg) was 
crsytallised from aqueous acetone (1:9) to 
- give the title compound (295 mg) ; Kaax (pH 

6 phosphate buffer) 261 nm (« 19,000); 95 
Atao 275 nm (e 18,400). 

Example 45. 
Potassium (6RJR) - 7 - [2 - carboxyprop - 
2 - yioxyimino - 2 - (fur - 2 ' yl) - aceU 
amidol - i - pyridiniummethyl - ceph - 100 
J - em - 4 - carboxylate (syn isomer) 
A mixture of (6R,7R) - 3 - acetoxymethyl - 

7 - [2 - (carboxyprop - 2 - ytoxyimino) - 
2 - (fur - 2 - yl)acetamido]ceph - 3 - em - 

4 - earboxylic add (syn isomer) (4.0 g), 105 
pyridine (4 ml) and water (40 ml) was 
heated for 1 hour at 80^, whereafter the mix- 
ture was allowed to cool. The cooled mixture 
was diluted with water (50 ml) and extracted 
five times with methylene chloride (25 ml) 110 
and the combined organic extracts were washed 
with water. The combined aqueous phases 
were evaporated in vacuo at <35® to ca 
50 ml and addified to pH 2 with 2N-hydro- 
ciloric add. The predpitated solid was re- 115 
moved by filtration, the filtrate was adjusted 
to pH 6.5 with potassium bicarbonate and 
the solution was concentrated in vacuo at 
<35° to ca. 40 mL The product was purified 
on a column of XAD-2 resin (500 g), elution 120 
being effected with water and tiien aqueous 
ethanol (1:3). Fractions having the character- 
istic ultraviolet absorption of die product were 
combined and evaporated to dryness in vacuo 
at <35° to give the tide compound (880 mg), 125 

(H,0) 261 and 277 nm (b 17,000 and 
16,950). 
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Example 46. 
Sodium (6RJR) - 7 • [2 - (carboxyprop - 
2 - yhxyimino) - 2 - (fur - 2 - yl) - acet- 
amido] - J - pyndmummethylceph - J - 
5 em ' 4 ' cccrbciiylate (syn isomer) 

A mixture of sodium iodide (50.0 g), water 
(15J ml) and pyridine (14 ml) was heated 
to 80^ and stined vigorously during the addi- 
tion over a period of ca 10 minutes of 

.10 (6R,7R) - 3 - acetDxymethyl - 7 - [2 - caib- 
ozyprop -.2 - j^oxyimiso) - 2 - (fur - 2 - 
yI)acetaniido]ceph - 3 - em - 4 - carbaxylate 
(syn isomer) (14.4 g). The mixture was 
stined at 80° for a tool of 55 minutes and 

IS was then cooled and diluted to ca 400 ml 
with water. 0.1 N-Sodium hydroxide was 
added to adjust tlie pH to oi 6 J and the 
solution was concentrated under reduced pres- 
sure at <40'* to a volume of ca 100 ml The 

20 resulting solution was diluted to ca 400 ml 
with water, methyl isobutjd ketone (0.3 nd) 
was added and the stirred solution was addi- 
fied with 2i^-hydrochloric add (15 ml) to 
achieve a pH of 1—2. The solid was collected, 

25 washed with water and discarded. The filtrate 
and washings were treated with more 2N' 
hydrochloric add (ca 10 ml) and extracted 
with ethyl acetate, the organic layer being 
re-extracted with a small volume of water. 

30 The aqueous phase was adjiisted to pH 6 
with IN-sodium hydroxide (ca 43 ml) and 
evaporated under reduced pressure at <40** 
to a volume of ca 175 ml. This solution was 



applied to a column of XAD-2 resin (700 g, 
42 cmx5i cm) that had previously been 35 
washed with water (2 litres). The column was 
eluted witii water, the fractions being collected 
automatically and monitored by U,V. spectro- 
scopy. When the inorganic salts and some 
impurities had been removed the eluant was 40 
changed to a mixture of ethanol and water 
(1:4). The fractions having the characteristic 
U.V. absorption of the product were combmed, 
concentrated under reduced pressure at '<40'' 
then free2e-dried. The product was dried oyer 45 
phosphorus pentoxide in vacuo giving the tide 
sdt (4.10 g); [«)i>-hl0J" (c 1.00, H,0); 

(pH 6 buffer) 26\5 and 278.5 nm (c 
20,100; 19,200); v«n« (Nujol) 1770 cm-^ 
(j5-lactam); r (D2O, 100 MHz) values in- 50 
dude 1.03, 1.43, 1.91 (pyridinium protons), 
4.12 (dd, 7-H) and 8iO (s, C(CH,),). 



Examples 47—51. 
In the manne rof fixan^Ie 46 the acetoxy 
group of (6R,7R) - 3 - acetoxymethyl - 7 - 55 
[2 - (carboxy - R' - oxyimino) - 2 - (fur - 
2 - yl)acetamido]ceph - 3 - em - 4 - car1>« 
oxylic acids (syn isomers) were displaced by 
treatment widi pyridine or a substituted pyri- 
dine in aqueous sodium iodide solution at 60 
80° for 45—60 minutes. The products were 
purified as the sodium salts by XAD-2 chrom- 
atography and Aeir physical properties are 
summarised m Table 7. 
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Example 52, 
(6R,7R) ^7 - [2 - (2 • Carboxyprap - 2 - 
yloxyimino) - 2 - (fur 2 ^ yl) - acet- 
amido] - J - pyriaaziniummethylceph - 
5 3 -em-i ' carhox^ add trifiuoroacetate 
(syn isomer) 
(a) A suspension of diphenylmethyl 
(1S,6R,7R) - 3 - bromometfayl - 7 - [2 - 
(2 - f - butoxycaibonylprop - 2 - yloxy- 

10 imino) - 2 - (fur - 2 - yI)acetamido]ceph - 
3 - em - 4 - caiboxylate 1-oxidc {syn isomer) 
(1.51 g) in N,N-dimethyifonnanudc (1 ml) 
was treated with pyridazine (400 mg). The 
mixture was stirred for 2 hours at 25° to give 

15 a dear solutionj which was then diluted with 
e±er (50 ml, added slowly with stirring). 
The resulting precipitate was filtered off, 
washed with ether and dried to give diphenyU 
methyl (ISfiRJR) • 7 • [2 ^ (2 ^ t ~ 

20 butoxycarbonylprop - 2 - yloxyimino) - 2 - 
(fur - 2 - yl)acetamxdo] - 3 - pyridazimum- 
methylcepk - 3 - em ^ 4 - carbcwylate 1-oxide 
bromide (syn isomer) as a pink powder (1J9 
& 94%); Wi>+13° (c 1.07, DMSO); 

25 (EtOH) 277 nm (e 21,200); v„„^ (Nujol) 
1790 cmr^ (jff-lactam); r (d«-DMSO) values 
mclude 1.21 (d, J 8H2, NH), 3.76 (dd, J 4 
and 8Hz, 7-H), 8.51 (s, C(CHs)0 and 8.61 
(s, C(CH3)s). 

30 (b) The produa of (a) above (1.49 g) 
in N,N-dimethylformamide (5 ml) at - 10° 
was treated with potassium iodide (1.33 g) 
and then with acetyl chloride (0.28 ml). The' 
mixture was stirred for 1 hour while the tem- 

35 peratm« slowly rose to 0°, and was then 
adckd dropwise to a stirred solution of sodium 
metabisulphite (1 g) in water (50 ml). The 
resulting suspension was stirred for 10 min- 
utes and then the solid material was filtered 

40 off, washed with water and dried over phos- 
phorus pentoxide to give a light brown powder 
(128 g). This material, in acetone: ethanol= 
9:1 (20 ml), was passed down a column of 
Deaddite FF resin (trifluoroacetate form, 

45 15 cm X 2.5 cm i.d.) which was eluated with 
the same solvent mixture. Elxiant fractions 
containing ultraviolet light absorbing material 
were combined and evaporated, and &e residue 
was triturated with ether to give diphenyl- 

50 methyl (6RJR) ~ 7 ^ [2 - (2 ^ t • butoxy- 
earbonyl - prop - 2 - yloxyimino) - 2 - 
(fur - 2 - yl)acet(mido] - J - pyridazirdum- 
metkylcepk - 3 - em - 4 - carboxylaU tri- 
fluoroacetate (syn isomer), (124 g, 82%); 

55 Wd-20*» {c 0.76, DMSO); (EtOH) 
278 nm (e 18,300); u„,« (Nujol) 1780 cm-^; 
r (d,-DMSO) values indude 0.30 (d, J8H2, 
NH), 3.95 (dd, J 5 and 8 Hz, 7-H), 8.55 
(s, C(CH,)«) and 8.59 (s, €(^5)3). 

60 (c) The product of (b) above (1.13 g), 
mixed with anisole (1.5 ml), was treated widi 
trifiuoroacetic acid 6 ml) at 5° for 5 minutes, 
and then at 20° for 55 minutes. The solution 
was evaporated in vacuoi the residue was 

65 stirred with ethyl acetate, and the evaporation 



repeated. The resulting gum was triturated 
with ether to give the crude product as a 
pale brown solid, which was filtered off, 
washed with edier and dried. This was ex- 
tracted with water (3 x 150 ml); the extracts 70 
were filtwed, washed with ethyl acetate and 
then ether, and finally freeze-dried. The com- 
bined residues were triturated widi ether to 
give the tide salt as a white powder (586 mg, 
72%); Wd+48° (c 0.98, DMSO); K.. ^5 
(pH 6 phosphate buffer) 277 nm (« 18,100); 

(Nujol) 1776 cm-^ (J9-Iaciam); r (d«- 
DiVlSO) 037 (d J 8 Hz, NH), 4.09 (dd, 
J 5 and 8 Hz, 7-H) and 8.53 (s, C(CH3),). 



Examples 53— 58. . 80 
The trifluoroacetate salts listed in Table 
8 were prepared by reacting the 3-bromo- 
methyl ester (see below) with the appropriate 
tertiary base (or quaternary mercaptan for 
example 55), reducing the sulphoxide and 85 
removing both protecting groups in a similar 
manner to that described in Example 52. The 
starting material was prepared as follows: — 
A solution of phosphorus pentachloride 
(5.20 g) in dry dichloromethane (60 ml) 90 
at - lO*' was treated with N,N-dimethylacet- 
amide (12 ml\ and then with 2 - (2 - f - 
butoxycarbonylprop - 2 - yloxyimino) - 2 - 
(fur - 2 - yl)acetic add (syn isomer) (6.43 
g) added portionwise. The solution was stirred 95 
at - 10® for 15 minutes and then ice (14 g) 
was slowly added and the temperature allowed 
to rise to 0® over 10 minutes. The organic 
layer was separated and added dropwise to 
a suspaision of diphenyhnethyl (1S,6R,7R) - 100 
7 - amino - 3 - bromomethylceph - 3 - em - 
4 - carboxylate 1-oxide hydrobromide (10.62 
g) in dichloromethane (80 ml) containing 
propylene oxide (15 ml) at 0*. The mixture 
was stirred for 1 hour during whidi time the 105 
temperature rose to 20** and the suspension 
deared. The resulting yellow solution was 
washed with 2.5% aqueous sodium bicarbon- 
ate soludon (50 ml) and then 2N - hydro- 
chloric acid (^0 ml), whereafter the solution 110 
was dried and evaporated to a yellow oil. 
This material, in ethyl acetate (20 ml), was 
added dropwise to stined petrel (b.p. 40— 
60°) to give a gummy predpitate. The super- 
natant was decanted off and the gum chrom- 
atographed on a column of Kieselgel, which 
was eluted with dichloromethane containing 
from 0 to 10% acetone. Huant fractions con- 
taining the main product were combined and 
evaporated xs> a foam. Trituration wi^ cydo- 120 
hexane gave diphenyhnethyl (ISJSRJR) - 
3 - hronumethyl ^7 - [2 "(2-1- butoxy- 
carbonylprop - 2 - yloxyimino) - 2 ^ (fur ' 
2 - yl) - acetamido]ceph - 3 - em - 4 - car- 
boxylate 1-oxide (syn isomer) as a pale 125 
yellow microcrystalline powder (13.61 g, 
90%); WD--22'' {c 1.0, DMSO); 
(EtOH) 281 nm (« 22,200); (CHBr.) 
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to yield the di - t - butyl ester of the title 
compound (505 mg); vmw (Nujol) 1798 
(fi-lactam), 1738, 1727, 1715 (acetate and 
COa-tBu), 1680 and 1542 cm-* (CONH); 
5 r values (DMSO-dj) include 028 (d, J 8 
Hz, NH), 4.19 (dd, J 5 and 8 Hz, 7-H), 
5.02 (d, J 5 Hz, 6-H), 5.71 and 638 (ABq, 
J 18 Hz, 2-H). 
The di - ^ - butyl ester (0.38 g) in tri- 

10 fiuoroacetic acid (5 ml, containing a few drops 
of anisole) was stirred at room temperature 
for 15 minutes. The solution was concentrated 
in vaato to a red oil, diluted with ethyl acetate 
(2 ml) and added diopwise to vigorously 

15 stirred petroleum ether (b.p. 60—80") (50 
ml). The deposited solid was collected, washed 
with ether (5 ml) and dried to yield the title 
acid (185 mg, 60%); (ethanol) 276 nm 
(* 16,600); (Nujol) 1790 (jS-Iactam), 

20 1730 (acetate), 1720 (CO^H), 1680 and 1523 
(CONH) and 1040 cm~^ (S-^0); r values 
(DMSO-de) include 0.21 (d, J 8 Hz, NH), 
4.17 (dd, J 5 and 8 Hz, 7-H), 5.01 (d, J 5 
Hz, 6-H), 5.71 and 6.32 (ABq), J 18 Hz, 

25 2-H), 8.49 (s, C{CH^)2). 

The starting material for the above oxida- 
tion process was prepared as follows: 
A solution of i-butyl (6R,7R) - 7 - amino - 

3 - acetoxymethylceph - 3 - em - 4 - carb- 
30 oxylate (1.05 g) in dry dichloromethane (10 

ml) was added to a solution of 2 - (2 - t - 
butoxycarbonylprop - 2 - yloxyimino) - 2 - 
(fur - 2 - yl)acetic acid (syn isomer) (0.99 
g) and dicydohexylcarbodiimide (0.69 g) in 

35 dry dichloromethane (10 ml), and the mix- 
ture was stirred at room temperature for 1 
hour. The solution was filtered and concen- 
trated in vacuo. The crude product was passed 
down a column of silica gel (MFC, 100— 

40 200 mesh, 2x20 cm) using ethyl acetate: 
petroleum ether (b.p. 60—80*') (1:1) as 
eluant Combination of appropriate fractions 
as determined by thin layer chromatography 
* yielded (6R;^R) - 3 - acetoxymethyl - 7 - 

45 [2 ^ (2 ' carboxyprop - 2 - yloxyimino) - 2 - 
(fur - 2 - yl)acetamido] - ceph - 3 - em - 

4 - carboxylic add, di - t - butyl ester (syn 
isomer) (1.29 g); va« (CHBr,) 1776 (J5- 
lactam), 1725, 1712 (acetate and CO,.tBu), 

50 1678 and 1512 cm-* (CONH); r (CDQ,) 
values include 1.90 (d, J 8 Hz, NH), 4.08 
(dd, J 5 and 8 Hz, 7-H) and 4.98 (d, J 5 
Hz, 6-H). 

Example A, 

55 This example illustrates the formulation 
of a pharmaceutical composition. 

Dry Powder for Injection 

Sterile (6R,7R) - 3 - acetoxymethyl - 7 - 
[2 - (1 - carboxycyclopent ~ 1 - yloxyimino) - 
60 2 - (fur . 2 - yl)acetamido]ceph - 3 - em - 
4 - caiboxylate disodium salt {syn isomer) 
is filled into glass vials, the claimed contents 
of each container being 500 mg or 1.00 g of 



the antibiotic as desired. Filling is carried out 
asepdcally under a blanket of nitrogen. The 65 
vials are closed using rubber discs or i>Iugs 
held in position by ^uminium sealing rings, 
thereby preventing gaseous exchange or ingress 
of mircoorganisms. The produrt would be 
intended for reconstimtion with Water for 70 
Injections or odier suitable sterile' vehicle 
shortly before admmistration. 

In our copendmg Application No, 37006/77 
(Serial No. 1,496,759) we describe and daim 
compounds of the formula 75 




(wherein R is a hydrogen atom or a methyl 
group) and non-toxic derivatives thereof, the 
compounds being syn isomers or existing 
as mixtures of syn and anti isomers containing 80 
at least 90% of the syn isomer; and in our 
copending Application No. "ilQOSpl (Serial 
No. 1,496,758) we describe and claim com- 
pounds of the formula 




(wherein R is a hydrogen atom or a methyl 
group; and R* and R* either both represent 
methyl groups, or together with the carbon 
atom to which they are attached, form a cydo- 
butylidene or cydopentylidene ring) and non- 90 
toxic derivatives thereof, the compounds being 
syn isomers or existing as mixtures of syn 
and anti isomen containing at least 90% 
of the syn isomer. 

We make no daim herein to the com- 95 
pounds described and daimed in our said 
copending Applications. 

Subject to the foregoing disclaimer, 

WHAT WE CLAIM IS:— 

L ip - Acylamidoceph - 3 - em - 4 - 100 
carboxylic add antibiotics and non-toxic 
derivatives thereof characterised in that the 
7j3'-acyIamido group has the formula 

R.C.CO.HH- 

(wherein R is thienyl or furyl; R» and R^ 105 
which may be the same or different, are each 
sdected from hydrogen, C1-4 alkyl, C2-1 
alkenyl, Q^i cycloalkyl, phenyl, naphthyl, 
thienyl, furyl, carboxy, Q-s dkoxycaibonyi. 
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. and cyano, or and together with tiie 
carbon atom to which they are attached form 
a cycloalkylidene or cycloalkenjdidene 
groups and m and n are each 0 or 1 such that 
5 Ae sum of m and n is 0 or 1), the compounds 
being syn isomers or existing as in^^^^ 
of jyrt and anti isomers containing at least 90% 
of Ae syn isomer. . . ■ i 

2. A compound as claimed m clami 1 
10 which is a jyn isomer essentially free from 

the anti isomer. 

3. Compounds as claimed m dami 1 or 
daim 2 having the general formula 

^ ^ s • 

R.C.CO.HH r ^ 

! T^V-' 

"v Rfl CQQH 

\.(CH2vj(CHAC00H 

^ ail 

15 [where R, R% R^ m and n are as defined in 
claim 1 and P is selected from:— 

a) hydrogen, 

b) halogen, 

c) a group of formula ^ 

/ 

20 -CH=C 




whnein R^ and R*, which may be die same 
or different, are each selectied from hydrogen, 
eaiboxy, cyano, Q^t alkoxycarbonyl, Ci_e 
alkyl, Cb-7 cydoalkyi, phenyl Q-* alkyl and 
25 Ce-18 mono- or bicyclic carbocydic aryl, and 
d) a group of formula - 

wherein Y is selected from:— 

d) (i) the residue of a nitrogen nucleo- 
30 phile which is a tri(Ci-.6 alkyl) amine or a 

heterocyclic tertiary amme, 

d) (ii) azido, 

d) (iii) amino, 

d). (iv) .acylamido, 
35 d) (v) a derivative obtained by reactmg 

a compound in which Y is a azido with an 

acetylenic, ethylenic or cyano dipolarophile, 

d) (vi) a group or formula 

R^' 

— C.CO.R" 

t 

40 wherein R^" and R", which may be die same 
or different, are each selected from hydrogen; 
cyano^ lower ali^l; phenyl; phenyl substituted 
by one or more of halo, lower alkyl, lower 



alkozy, nitro, amino or lower alkylamino; 
carboxy; lower alkoxycarbonyl; mono- or di- 45 
aryl lower aftoxycarbonjd; lower alkylcar- 
bonylj aryl lower alkyi; and Q and Cs cydo- 
alkyl; and R" is sdiected from hydrogen; 
lower alb^l; phoiyl; phenyl substituted by 
one or more of halo, lower alkyl^ lower alkoxy, 50 
nitro, amino or lower alkylamino; aryl lower 
alkyl; and C5 and Qj cydoalkyl; 
d) (vii) the residue of a sulphur nudeo- 
phile whidi is a thiourea, dithiocarbamate, 
thioamide, thiosulpham, thioadd or dithio- 55 
add, 

d) (viii) a group of formula 

— S(0)Jl« 

wherem R^^ is a lower alkyl, lower cydo- 
alkyl, phenyl lower alkyl, Cj-m mono- or 60 
bicydic carbocylic aryl or heterocydic group 
and » is 0, 1 or 2, 
d) (he) a group of formula 

--OR" 

wherein R" is hydrogen, lower alkyl, lower 65 
alkenyl, lower alkynyl, lower cycloall^l, lower 
cydoalkyl lower alkyl, aryl, aryl lower alkyl, 
heterocyclic, heterocydic lower alkyl, or any 
of die preceding groups substituted by one or 
more of lower alkoxy, lower alkylthio, halo- 70 
gen, lower alkjrl, nitro, hydroxy, acyloxy, car- 
boxy, lower alkoxycarbonyl, lower alkylcar- 
bonyl, lower alkylsulphonyl, lower alkoxysul- 
phonyl, amino, lower alkylamino and ac^- 
ammo, 

75 

d) (z) a gnn^ of formula 

— O.COJR" 

wherein R" is selected from Cm alkyl, 
which may be interrupted by an oxygen or 
sulphur atom or by an imino group or sub- ' 80 
stituted by cyano, carboxy, lower alkoxycar- 
bonyl, hydroxy, carboxycarbonyl, halogen or 
amino; alkenyl, which may be interrupted 
by an oxygen or sulphur atom or by an imino 
group; lower cydoalkyl; carbocydic or hetero- 85 
cyclic aryl, which may be substituted by hy- 
droxy, halo, nitro, amino, lower alkyl or lower 
alkyltido; lower jydoaMcyl_ Ci-^ alkyl; and 
carbocycUc or heterocydic aryrQJ4 afeyl and 
d) (xi) a group of formula 90 

— O.CO.AR" 

Ti^erein R^' is hydrogen or a group as defined 
above for R" and A is >0, >S or >NH] 
and non-toxic derivatives thereof. 

4. Compounds as daimed in claim 5 wherein 95 
P is a group of formula 

— CHaY, 

in which Y is the residue of a nitrogen nudeo- 
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phile comprising pyridine, pyrimidine, pyrid- 
azine, pyrazine^ pyrazole, imidazole, triazolc, 
thiazoie, purine, benzotriazole or any of these 
compounds substituted by one or more lower 
alkyl, Ce-ij mono- or biqrdic caibocyclic 
aryl, phaiyl lower alkyl, lower alkoxymethyl, 
acyloxymethyl, form^, acyloxy, carboxy, 
esterified carboxy, carboxy lower alkyl, sulpho, 
lower alkoxy, i^enoxy, phenyl lower alkoxy, 
lower alkyltfaio, phenyldiio, phenyl lower 
alfeylthio, cyano, hydroxy, cibamoyl, N- 
mono(lower alkyl carbamoyl, N,N-di(lower 
alkyl) carfjamoyl, N-(hydroxy lower alkyl) 
carbamoyl or carbamoyl lower alkyl groups. 

5. Compounds as claimed in claim 3 wherein 
P is a group of formula 

in which Y is a group 

— SR" 

wherein is a diazolyl, triazolyl, tetrazolyl, 
thiazolyl, thiadiazolyl, thiatriazolyl, oxazolyl, 
oxadiazolyl, pyridyl, pyrimidyl, benzimida- 
zolyl, benzoxazolyl, benzothiazolyl, triazolo- 
pyridyl or purinyl group. 

6. G>mpounds as claimed in claim 3 wherein 
P is an acetoxymethyl or carbamojdoxymethyl 
group. 

7. Compounds as daimed in daim 1 
daim 2 having the general formula 

f !. 

\ 9c cooH 



or 



OX.CQQH 
If 



(iin 



[wherein R is as defined in claim 1; R' rep- 
resents methyl, ethyl, propyl, allyl or phenyl 
and R* represents hydrogen, carboxy or a 
group as defined for R^ or R' and R'* to- 
gether with the carbon atom to which they 
are attached form a cydobutylidene, cydo- 
pentylidene or cydohexylidene group; and W 
is sdected from:— 
i^ hydrogen, 
'■^ acetoxymethyl, 
benzoyloxym ethyl, 
caibamoyloxymethyl, 
N-methylcarbamoyloxymethyl, 
a group of formula 



iif) 
iv) 



VI; 



— CH=CHR' 



wherem R* represents cyano, carboxy or Q-s 

alkoxycarbonyl, 

vii) a group of formula 



wherein G is the residue of a nitrogen nudeo- 
phile sdected from compounds of die formula 



(wherein R' is hydrogen, carbamoyl, carboxy- 
methyl or sulpho) and pyridazine^ 

viii) azidomethyl, and 

ix) a group of formula 

— OlaSR' 

wherein R'' is a pyridyl, diazolyl, triazolyl, 
tetrazolyl, thiazolyl, thiadiazolyl or oxadia- 
zolyl group or a lower alkyl- or phenyl- 
substituted analogue of such a gxxmp] and 
non-toxic derivatives thereof. 

8. Compounds as claimed in daim 7 wherein 
W Is a git)up of formula 

-X3IaSR' 

m which R'' is N - methylpyrid - 2 - yl, 
1 - methyltetrazol - 5 - yl or 5 - methyl - 
1,3,4 - thiadiazol - 2 - yL 

9. The compounds of claims 7 and 8 
wherein R* is other than hydrogen. 

10. Compounds as daimed in daim 1 or 
daim 2 having the general fonnula 



H 



R.CCaNH 



\ COQH 



am 



[wherein R is as defined in daim 1; W is as 
defined in daim 7; and p is 1 or 2] and 
ncm-toxic derivatives thereof. 

11. Compounds as daimed in claim 10 
wherein W is a group as defined in claim 8. 

12. (6R,7R) - 7 - [2 - (2 - Carboxyprop - 
2 - yloxyimino) - 2 - (fur - 2 - yl) acet- 
amido] - 3 - pyridiniummethylceph - 3 - em - 
4 - carboxylic add (syn isomer)* 

13. (6R,7R) - 7 - [2 - (2 - Carboxyprop - 
2 - yloxyimino) - 2 - (fur - 2 - yl) acet- 
amido] - 3 - (5 - methyl - 1,3,4 - thiadiazol - 
2 - ylthiomethjd) ceph - 3 - em - 4 - car- 
boxylic add ^rjm isomer). 

14. (6R,7R) - 7 -12'- (2 - Carboxyprop - 

2 - yloxyimino) - 2 - (fur - 2 - yl)acet- 
amido] - 3 - {trans - 2 - methoxycarbonyl- 
vinyl)ceph - 3 - em - 4 - carboxylic acid 
(syn isomer). 

15. (6R,7R) - 7 - [2 - (2 - Carboxy- 
prop - 2 - yloxyimmo) - 2 - (fur - 2 - yl) 
acetamido] - 3 - pyridaziniummeihylceph - 

3 - em - 4 - carboxylic add {syn isomer). 

16. (6R,7R) - 7 - [2 - (2 - Carboxyprop - 
2 - yloxyimino) - 2 - (fur - 2 - yl)acet- 
amido]ceph - 3 - em - 4 - carboxyh'c add 
(syn isomer). 
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17. (6R,7R) . 3 - acetoxymethyl - 7 - 
(2 - (1 - carboxycydopent - 1 - yloxyimino) r 
2 . (fur - 2 - yl)acetamido]ceph - 3 - em - 
4 - carboxylic add (syn isomer). 
5 18. (6R,7R) - 7 - (1 - carboxycydopent - 

1 - yloxyimino) - 2 - (fur - 2 - yl)acet- 
amido] - 3 - pyridiniummethylceph - 3 - 
em - 4 - carboxylic add (syn isomer). 

19. (6R,7R) - 7 - [2 - (1 - carboxycydo- 
10 pent - 1 - yloxyimino) - 2 - (fur - 2 - jd) 

acetamido] - 3 - (irons - 2 - carboj^vinyl)- 
cepb •* 3 - em - 4 - caiboxylic add (syn 
isomer). 

20. («R,7R) - 7 - [2 - (1 - Carboxycydo- 
15 pent - 1 - yloxyimino) - 2 - (fur - 2 - yl)- 

acetamido] - 3 - (1 - metfayltetrazol - 5 - 
ylthiomedrirl) ceph - 3 - em - 4 - catboxylic 
add (syn isomer). 

21. (6R,7R) - 7 - [2 - (1 - Carboxy- 
20 cydopent - 1 - yloxyimino) - 2 - (fur - 2 - 

yl)aGetamido]ceph - 3 • em - 4 - caiboxylic 
add (syn isomer). 

22. (6R,7R) - 3 - Acetoxymethyl - 7 - 
[2 - (1 - carboicybut - 3 - enyloxyimino) - 

25 2 - (tux - 2 - ylj acetamido] ceph - 3 - em - 
4 - carboxylic add (syn isomer). 

23. (6R,7R) - 3 - Acetoxymethyl - 7 - 
[2.(1- carboxycydobut - 1 - yloxyimino) - 

2 - (fur - 2 - yl)acetamido]ceph - 3 - em - 
30 4 - carboxylic add (syn isomer). 

24. (^7R) . 7 - [2 - (1 - Carboxy- 
cydobut - 1 - yloxyimino) - 2 - (fur. - 2 - 
yl)acetamido] - 3 - pyridiniummethylceph - 

3 - em - 4 - carboxylic add (syn isomer). 
35 25. (6R,7R) - 7 - [2 - (1 - Caiboxyqrdo- 

but - 1 - yloxyimino) - 2 - (fur - 2 - yl)- 
acetamido] - 3 - (1 - methyltetrazol - 5 - 
ylduomethyl)ceph - 3 - em - 4 - carboxylic 
add (syn isomer). 
40 26. (6R,7R) - 3 - Acetoxymethyl - 7 - 
[2 - (1 - carboxypropoxyimino - 2 - (fur - 
2 - yI)acetamido]ceph - 3 - em - 4 - car- 
boxylic add (syn isomer). 

27. (6R,7R) - 3 - Acetoxymeth)^ - 7 - 
45 [2 - (3 - caiboxypent - 3 - yloxyimino) - 

2 - (fur - 2 - yl)acetamido]ceph - 3 - em - 

4 - carboxylic aad (syn isomer). 

28. (6R,7R) - 3 - Acetoxymethyl - 7 - 
{2 - (2 - carboxyprop - 2 - yloxyimmo) - 

50 2 - (thien - 2 - yl)acetamido]ceph - 3 - em - 
4 - caiboxylic add (syn isomer). 

29. (6R,7R) - 3 - Acetoxymethyl - 7 - 
[2 - carboxymethoxyimino - 2 - (fur - 2 - 
yl)acetamido]ceph - 3 - em - 4 - carboxyclic 

55 add (syn isomer). . , ^ 

30. {6R,7R) - 3 - Azidomethyl - 7 - [2 - 
carbraymethoxyimino - 2 - (fur - 2 - yl)- 
acetamidolceph - 3 - em - 4 - carboxylic 
add (syn isomer). 

60 31. (6R,7R) - 7 - [2 . Carxoyme±oxy- 
imino - 2 - (fur - 2 - yl)acetamido] - 3 - 
(1 - methyltetrazol - 5 - yithiometiiyl)ceph - 

3 . em - 4 - carboxylic add (syn isomer). 
32. (6R,7R) - 7 - [2 - Carboxymetiioxy- 



imino - 2 - (fur - 2 - yl)acetamido]ceph - 
3 - em - 4 - carboxylic add (syn isomer). 

33. (6R,7R) - 7 - [2 - Carboxyprop - 2 - 
yloximino - 2 - (fur - 2 - yl) - acetamido]- 
ceph - 3 - em - 4 - carboxylic add (syn 
isomer). 

34. The sodium and potassium salts of the 
adds daimed in any of the preceding claims. 

35. A process for the preparation of an 
antibiotic compound of general formula 



R.CXO.NH- 




•2 



\ f 



cooa 



(wherdn R, R% R^ m and n are as d^ed 
in daim 1) and Z is a group in whidi 2 
carbon atoms link die nuclear sulphur atom 
and the 4-'posidon carbon atom so that the 
compound possesses unsaturadon) or a 
non-toxic derivathre hereof, said compound 
being a syn isomer or existing as a mixture 
of syn and anti isomers containing at least 
90% of die syn isomer^ which comprises either 
(A) condensing a compound of the formula 



m 

(wherein B is >S or >S-*0; R^' represents 
hydrogen or a carboxyl blodcing group; and 
Z' is a group in which 2 carbon atoms link 
the nuclear sulphur atom and the 4-position 
carbon atom so that the compound possesses 
A* or A* unsaturadon) or an acid addition 
salt or an N-silyl derivadve thereof with an 
acylating agent corresponding to an add of 

8.{.CDQH 
\.ttH2\n|{CH2yM082^» 

(YD 



(wherein R, R% R\ to and n are as herein- 
before defined and R'^'' is a caiboxyl blocking 
groupji or (B), where Z in formula I is 
the group 



65 



70 



75 



80 



85 



90 



95 



js#l— CHjY. 

(where Y is die residue of a nudeopbile or 
a derivative of die residue of a nucleophile) 
reacting a compound of the formula 



100 



41 



ly*96,757 



41 

. . f . 



10 



15 



20 



25 



30 



35 



ft.^.COJH- 
R 



J LXcHjy'- 



(ViU 



(wherein B, R, R% R\ w and » are as herein- 
befoic defined; each R** may independently 
represent hydrogen or a carboxyl blocking 
groim; Y' is an atom or group which is re- 
placeable by the residue of a nudeoi^ile; 
and the dotted line teidging the 2-, 3- and 
4-.positions indicates that the compound is a 
ceph - 2 - em or ceph - 3 - em compound) 
wilh a nucleophae; whereafter, if necessary 
and/or desired in each mstance, any of the 
following reactions (C), in any appropriate 
sequence, are carried out:— ^ 

i) conversion of a A* isomer into the desued 
A« isomer, ^ i. . « . 

ii) reduction of a compound whercm o is 
>S-^0 to form a compound ^lerein B is 

iii) * reduction of a S-azidomethyl compound 
to form a 3-aminomethyl compound, 

iv) acylation of a 3-aminometiiyl compound 
to form a 3-acylaminomethyl compound, 

v) reaction of a 3-azidomethyl compound 
with a dipolarophile to form a compound hav- 
ing a polyazole ring linked to the 3-position' 
caibon atom tiirou^ a methylene group, 

vi) deacylation of a 3-acyloxymethyl com- 
pound to form a 3-hydroxymethyl compound, 

vii) acylation of a 3-hydroxymethyl com- 
pound to form a 3-acyloxymethyl compound, 

viii) carbamoylation of a 3-hydroxymethyl 
compound to form an unsubstituted or sub- 
stituted 3-carbamoyloxymethyl compound, and 

ix) removal of carboxyl blocking groups; 
and finally (D) recovering the desired com- 
pound of formula I or a non-toxic derivative 
thereof, if necessary after separation of isomers. 

36. A process as claimed in daim 35 
wherdn a compound (V) or an add addition- 



salt or N-silyl derivative thereof is condensed 
witii an add halide correspondmg to die add 
(VI). . . 

37. A process as daimed m daim 36 
wherein the condensation is effected in^ the 
presence of an add binding agent comprising 
a tertiary amine, an inorganic base or an oxi- 
rane, 

38. A process as daimed m clami 35 
wherdn a compound (V) or an acid addition 
salt or N-silyl derivative tiiereof is condensed 
with an add (VI) in the presence of a con- 
densation agent comprising a carbodiimide, 
carbonyldiimidazole or an isozazolinium salt 

39. A process as claimed in claim 35 sub- 
atantially as herein described. 

40. A process for the preparation of anti- 
biotic compounds as defined in claim 1 sub- 
stantially as herein described with particular 
reference to any one of die Examples. 

41. Antibiotic compounds as defined in 
daim 1 whenever prepared by a process as 
daimed in any of daims 35 to 40. 

42. A phaimaoeutical composition compris- 
ing an antibiotic compound as daimed m any 
of daims 1 to 34 or 41 m a form adapted 
for use in human or vetmnary medicine. 

43. Compounds of general formula 



40 



45 



50 



55 



60 



65 



;.co.NH- 



^ . COOH 



o.(ay„.c.ic82\,xooBM 

(wherein R, R*, R*, R*', Z, m and » are as 
defined in daim 35). 

For the Applicants, 
FRANK B. DEHN & CO., 
Chartered Patent Agents, 
Imperial House, 
15—19 Kingsway, 
London, W.C2. 
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